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This book is dedicated to all those who 
commit themselves to preserve fertility 

and spend time, effort and money to further 
develop or support this area scientifically 
and clinically. 


Foreword 


Asa gynecologist dividing my time equally between clinical and research activities, 
I feel I am in a strong position to see the bigger picture when it comes to the com- 
plexities of this new and exciting field. I obtained my PhD on ovarian tissue cryo- 
preservation and transplantation back in 2006 and have continued working in this 
fascinating area ever since. Curiously, from a very early age, I was drawn to the 
subject of fertility preservation, possibly sparked by my concern when one of my 
younger brothers was diagnosed with leukemia at the age of 2. 

Since 2012, I have been head of the gynecology research laboratory at the 
Université Catholique de Louvain, Brussels, a globally renowned center. Prior to 
that, I had the pleasure and privilege of working with Professor J. Donnez, who 
achieved the first successful frozen-thawed ovarian tissue transplantation to result in 
a live birth. I will never forget witnessing the birth of little Tamara in 2004 in our 
hospital, an experience that served to inspire me further. 

Much of my professional life is dedicated to helping both cancer and non-cancer 
patients, preserve their fertility in the face of gonadotoxic treatments they must 
endure in order to conquer their disease. Indeed, Michael and I are involved in very 
similar efforts, but in different European countries, so it was inevitable that our 
paths would eventually cross. Now we find ourselves assuming the responsibility of 
leading the International Society for Fertility Preservation (ISFP) as vice-president 
and president, assisted by colleagues from all over the world, a true honor. 

I have always appreciated Michael’s clinical work and considerable scientific 
contribution to the field as author of numerous outstanding articles. Therefore, as 
current president of the ISFP, I am proud to have been asked to write the foreword 
to this book on fertility preservation and look forward to working with Michael over 
the coming years in our new roles. 

I am sure you will enjoy reading this book, and dipping into it whenever an unfa- 
miliar clinical situation arises. It is a practical guide based on longstanding experi- 
ence from clinicians, scientific experts, and pioneers in the field, and anything but a 
boring succession of theoretical articles. It presents fertility preservation in a very 
hands-on and realistic way, from its clinical application with appropriate directives 
and instructive guidance, to the profusion of questions frequently raised by patients. 


Vii 


Vili Foreword 


This book will give physicians, nurses, and biologists with an interest in fertility 
preservation a highly comprehensive overview. 

It is written with “Deutsche Grundlichkeit,” a guarantee for success. 

In recent years, the demand for fertility preservation for oncological and non- 
oncological indications, as well as personal reasons, has increased dramatically and 
we anticipate that this trend will continue. Meeting the demand will prove a major 
challenge, so professionals in the field need to inform and educate themselves on all 
aspects. This book is a good place to start. 


Marie-Madeleine Dolmans, MD, PhD 

Cliniques Universitaires Saint-LucUniversité Catholique de Louvain 
Institut de Recherche Expérimentale et Clinique (IREC) 

Pöle de Recherche en Gynécologie 

Brussels 

Belgium 


Preface 


Four years ago, in early 2016, the first edition of this book was published in German. 
The book was intended to be a practical guide for the indication and implementation 
of fertility preservation measures for all those who belonged to the German Austrian 
Swiss network FertiPROTEKT. Several thousand copies were kindly financed, free 
of charge, by Ferring Pharmaceuticals, Kiel, Germany. 

The book was a great success and was soon considered to be the "Bible" of fertil- 
ity preservation in the German-speaking world. 

The publication of a second free edition was a logical consequence. It should 
continue to be very practice-oriented, but should also be much more comprehen- 
sive, describe further diseases, and also address treatment after fertility preserva- 
tion. Based on these ideas and considerations, a manual with almost double the 
scope has emerged. 

It was obvious that we should make the book available to an even larger and 
international readership and Springer-Verlag kindly agreed to publish it in English. 
The contents were internationalized, the structure was adapted, and the contents 
were translated. 

The result is a practical and helpful manual for accompanying patients from their 
initial presentation for fertility preservation to later follow-up care. The most com- 
mon oncological and non-oncological diseases are explained, indications for and 
against fertility preservation measures are presented, fertility preservation tech- 
niques are described in practice-relevant manner, and aftercare after fertility preser- 
vation measures is dealt with from the treatment of vaginal bleeding during 
chemotherapy to the treatment of infertility or premature ovarian failure. 

Particular emphasis was placed on: 


* The fact that practice-oriented data in tabular form, in the form of graphs and 
flowcharts that support physicians and embryologists in their treatment. 

* Chapters being largely similar in structure and cross-referenced to facilitate 
orientation. 

* Recommendations for or against fertility preservation which are based on age or 
treatment protocols to avoid both under- and over-therapy. 
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The result is a manual which enables even oncologists, reproductive physicians 
and biologists who are less familiar with the subject matter to guide patients through 
the process of fertility preservation counselling, fertility preservation therapy, and 
aftercare on an evidence-based, but also individual basis. 

We thank all authors for their valuable contributions. 


Bern, Switzerland Michael von Wolff 
Hamburg, Germany Frank Nawroth 
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Before Fertility Preservation 


How to Use the Book A) 


Check for 
updates 


Michael von Wolff and Frank Nawroth 


The structure of this book is based on the course of everyday clinical practice. The 
following questions must be discussed in everyday clinical practice when a patient 
attends the clinic: 


1. Is there an indication for fertility-preservation treatment? 
2. How do I define the indication for fertility-preservation treatment? 
3. What measures can be taken, how, with what effectiveness and which risks? 


The answer to the first question is essentially found in Part I in the chapter 
“Indications for and Against Fertility Preservation”, the answer to the second ques- 
tion is in the chapters of Part II and the answer to the third question is in the chapters 
of Part III. 

Part I (see chapter “Indications for and Against Fertility Preservation”) gives an 
overview of indications and presents the necessary criteria for defining an indication 
(Fig. 2). 

Part II deals predominantly with common diseases. Less common malignancies 
are incorporated into chapter “Other Malignancies”. The chapters were largely 
structured in such a way that first the disease prognosis, then the probability of dam- 
age to the gonads by the expected treatment, followed by the disease-specific risks 
of fertility-preservation treatment are presented. They end with the practical 


M. von Wolff (54) 
Division of Gynaecological Endocrinology and Reproductive Medicine, 
University Women’s Hospital, University of Bern, Bern, Switzerland 
e-mail: Michael.vonWolff@insel.ch 


F. Nawroth 

Specialist Centre for Reproductive Medicine, Prenatal Medicine, Endocrinology and 
Osteology, amedes MVZ Hamburg, Hamburg, Germany 

e-mail: Frank.Nawroth@amedes-group.com 
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approach outlined in a flow chart. The general gonadotoxic risks of radiotherapy are 
described in the chapter “Indications for and Against Fertility Preservation”. 


Part III explains the established or largely established fertility-preservation tech- 


niques. Where appropriate, the rationale, effectiveness and risks of each technique 
are presented. Information on a practical approach is available at the end. Less 
established techniques are briefly presented in the chapter “Further Fertility 
Preservation Techniques”. 


The following question may arise during the further course of patient care: 


. What is the procedure after fertility-preservation treatment? 


In Part IV, we have therefore added frequent and clinically relevant topics 
such as the treatment of uterine bleeding during chemotherapy, infertility ther- 
apy after fertility preservation therapies, pregnancy after chemotherapy and radi- 
ation of the pelvis and what to do if premature ovarian insufficiency occurs. 


. How do I justify the reimbursement of costs for fertility-preservation treatment to 


the health payer? 

In some countries, both the indication and the choice of fertility-preservation 
treatments must be justified to the health insurance company or another institu- 
tion. The data for such justification will be provided in the book as far as possi- 
ble. It is therefore advisable to name and reference the relevant chapters. 


Further Information 


National and International Guidelines 


German Austrian Swiss S2k AWMF Guidelines (Arbeitsgemeinschaft der 
Wissenschaftlichen Medizinischen Fachgesellschaften) 

German full version: https://www.awmf.org/uploads/tx szleitlinien/015- 
082] S2k Fertilitaetserhaltung-bei-onkologischen-Therapien 2017-12.pdf. 

English short version (PubMed open access): Dittrich R, Schuering A, Kiesch 
S et al. Fertility preservation for patients with malignant disease. Guideline of 
the DGGG, DGU and DGRM (S2k-Level, AWMF Registry No.015/082, 
November 2017) — recommendations and statements for girls and women. 
Geburtshilfe Frauenheilkd 2018;78:567—84. 


* ASCO guideline 2018 (American Society of Clinical Oncology): Oktay K, 


Harvey BE, Partridge AH, Quinn GP, Reinecke J, Taylor HS, Wallace WH, Wang 
ET, Loren AW. Fertility preservation in patients with cancer: ASCO Clinical 
Practice Guideline Update. J Clin Oncol 2018;36:1994—2001. 
ESHRE-Guideline 2020 (European Society of Human Reproduction and 
Embryology) (to be published in 2020). 

ESMO-Guideline 2020 (European Society for Medical Oncology) (to be pub- 
lished in 2020). 
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FertiPROTEKT Recommendations 2018 (PubMed Open Access) 


* Part I: Schüring AN, Fehm T, Behringer K, Goeckenjan M, Wimberger P, Henes 
M, Henes J, Fey MF, von Wolff M. Practical recommendations for fertility pres- 
ervation in women by the FertiPROTEKT network. Part I: Indications for fertil- 
ity preservation. Arch Gynecol Obstet 2018;297:241—55. 

* Part II: von Wolff M, Germeyer A, Liebenthron J, Korell M, Nawroth F. Practical 
recommendations for fertility preservation in women by the FertiPROTEKT net- 
work. Part IL: fertility preservation techniques. Arch Gynecol Obstet 
2018;297:257—67. 


Information About the FertiPROTEKT Network (PubMed 
Open Access) 


* von Wolff M, Andersen CY, Woodruff TK, Nawroth F. Oncofertility Consortium 
and the Danish Fertility-Preservation Networks—what can we learn from their 
experiences? Clin Med Insights Reprod Health 2019;13:1179558119845865. 


Information for Patients (English and German) 


* Website FertiPROTEKT: www.fertiprotekt.com; www.fertiprotekt.de; www.fer- 
tiprotekt.ch; www.fertiprotekt.at 


Networks for Fertility Preservation A) 


Check for 
updates 


Frank Nawroth and Michael von Wolff 


Fertility protection requires close coordination of reproductive physicians, repro- 
ductive biologists and oncologists from a variety of disciplines. Because of these 
characteristics, it is imperative that all scientific and clinical areas involved organize 
themselves into a network structure both as a medical-logistic network and as a 
medical professional society. 

The necessary network structures can vary considerably at regional, national and 
international level, since the size of the regions to be integrated, the local cultural 
and geographical conditions and the political conditions vary greatly. In addition to 
FertiPROTEKT network, which operates both centrally and decentrally, there are 
other important network structures whose structure depends especially on the size 
of the region to be covered. 


* The Danish network (www.rigshospitalet.dk) is a typical example of a smaller 
country. It is centralized, excellently serving the practical implementation of spe- 
cific fertility-preserving techniques such as cryopreservation and transplantation 
of ovarian tissue, enabling high-quality scientific studies and a detailed data 
registry. 

* The German-speaking three-country network FertiPROTEKT® (www.fertipro- 
tekt.com) is a typical example of a larger country. It is both centralized and 
decentralized, enabling scientific studies and a data registry with a high number 
of cases. 


F. Nawroth (X) 

Specialist Centre for Reproductive Medicine, Prenatal Medicine, Endocrinology and 
Osteology, amedes MVZ Hamburg, Hamburg, Germany 

e-mail: Frank.Nawroth@amedes-group.com 


M. von Wolff 
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* The Oncofertility& Consortium (www.oncofertility.northwestern.edu) operates 
globally and is a decentralized network that primarily serves the transfer of 
knowledge among its members. 


Networks are often modular, with the number of modules depending on the size 
of the network (Fig. 1). The conditions and intentions of these modules are dif- 
ferent [1]. 

The smallest modular unit usually forms a reproductive medical centre or clinic, 
which networks with the oncologists regionally or internally. Patients are assigned 
to the reproductive medicine centres directly by the oncologists. The treatment deci- 
sion is often based on direct bilateral communication. The reproductive medicine 
centre documents the treatments so that data can later be passed on to a registry. 

The next medium-size modular stage is a union of local units into a small national 
or large regional network. An example of such a network is Denmark (www.rig- 
shospitalet.dk). The centres know each other, which facilitates unproblematic per- 
sonal communication. Data from the local units is merged into a register, which is 
relatively easy to create due to its limited size. It is possible to establish centralized, 
highly specialized facilities, e.g. for cryopreservation of gonadal tissue. The estab- 
lishment of such centralized facilities allows high-quality fertility-protective tech- 
niques, scientific evaluation, good transparency of activities and thus healthcare 
policy initiatives. Due to short travel distances, briefer training courses can be orga- 
nized with the involvement of oncologists. The strengths of these medium-sized 


Fig. 1 Modular structure of networks (modified after [1]) 
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networks lie in the ability of being able to collect high-quality data, since usually 
extremely detailed data documentation is possible. 

In networks of large regions or in larger countries, several groups, such as in 
Denmark, are combined into a large network. One such example is the 
FertiPROTEKT® network. 

It is also possible to combine several of these networks for data collection and 
professional exchange. Examples of such international networks are the 
Oncofertility® Consortium (www.oncofertility.northwestern.edu), the ESHRE 
Special Interest Group, “Fertility Preservation” (www.eshre.eu/Specialty-groups/ 
Special-Interest-Groups/Fertility-Preservation.aspx) and the “International Society 
for Fertility Preservation”, ISFP (www.isfp-fertility.org). 
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Frank Nawroth, Moritz Suerdieck, and Michael von Wolff 


Although scientific studies on fertility protection already existed in Germany at the 
beginning of the millennium, no concerted counselling and care for the patients had 
yet been established. In May 2006, at the initiative and invitation of Prof. M. von 
Wolff (then Department of Gynaecological Endocrinology and Fertility Disorders 
in Heidelberg) and Prof. M. Montag (then Department of Gynaecological 
Endocrinology and Reproductive Medicine in Bonn), 30 university reproductive 
medical centres met in Heidelberg for the foundation of the network FertiPROTEKT, 
in which private centres can also become members since 2008. 
Among other things, the network should meet the following objectives: 


* Creation of comprehensive structures for the implementation of consultation/ 
counselling and fertility treatment therapies 

* Professional content and interdisciplinary coordination of consultation/counsel- 
ling and therapies for fertility protection 

* Documentation of consultation/counselling and therapies in a register 

* [nitiation, implementation and support of studies 

* Definition of standards and publication of recommendations 
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Despite its national and international high profile, e.g. in cooperation with other 
professional societies, in the preparation of guidelines, discussions with health 
insurance companies, etc. the network did not have a recognized legal form. It was 
therefore converted into a registered association and the FertiPROTEKT network 
was founded on November 10, 2015 in Hamburg. Its head office is in Marburg, 
Germany. 

Since the end of 2017, the association has been a member of the “Umbrella 
organisation Reproductive Biology and Reproductive Medicine" (DVR), and a 
FertiPROTEKT network meeting also takes place at DVR conferences (every 
2 years). Therefore, in 2018, it was decided that the annual working meetings would 
only be held every 2 years, alternating with the DVR congress. Since the end of 
2018, the FertiPROTEKT network has also been a cooperating society of the 
German Society for Gynaecology and Obstetrics (DGGG). 

The association has 143 member centres (Germany: 124, Austria: 12, Switzerland: 
7, as of May 2020) (Fig. 1). With the application for admission, each centre must 
prove that it can provide fertility-protective measures on its own or, if necessary, in 
a specifically named cooperation. 

The documentation of all consultations and therapies in a separate register until 
the end of 2017 has been supported by a cooperation with the German IVF registry 
(D.I.R.) since 2018. Figure 2 shows the consultations carried out until 2018 and the 
resulting fertility-protective interventions. 

More than a decade of intensive work by the respective management teams/ 
boards, combined with the exemplary joint efforts of all member centres has resulted 
in increasingly comprehensive consultation and treatment options, local logistical 
networks for optimal patient care, intensive exchange between centres and numer- 
ous study activities and publications. 

In more than 10 years, a consolidation of several centres interested in the protec- 
tion of fertility (especially, but not exclusively oncology patients) has developed 
into a registered association with well over 100 member centres from three coun- 
tries and created the basis for the widest possible provision of consultation and 
treatment options. Scientific studies have been initiated and/or made possible, and 
recommendations and standards have been agreed (Fig. 3). 
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Fig. 1 Graphic presentation of the 143 member centres (May 2020) 
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Fig. 3 Development of FertiPROTEKT network 
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Introduction 


Preserving fertility before gonadotoxic treatment in adults has become increasingly 
important in recent years because of improved prognoses and survival rates, which 
allow later pregnancy and motherhood. In addition to the acceptance of colleagues 
to provide information on this topic, the clarification on and implementation of 
fertility preservation measures have now been incorporated into current guidelines 
[1]. With the enactment of the Appointment Service and Care Act in May 2019, the 
path to the nationwide adoption of fertility preservation measures by health insur- 
ance funds is also mapped out in Germany [2], as is already common practice in 
many other countries. This will mean a drastic increase in requests for fertility pres- 
ervation measures in oncological and reproductive medicine departments and this 
topic will increasingly become a focus of attention for doctors and affected families 
as well as for pre- and post-puberty children and adolescents. Fertility counselling 
for patients, which is adapted to the gonadotoxic risk and takes individual factors 
into account, and which should also be offered comprehensively and in a structured 
manner in oncology centres for all patients, is still currently a major challenge. 
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Multidisciplinary Team 


A first step and basic prerequisite for establishing fertility counselling in oncologi- 
cal centres is the establishment of contacts and networking with specialist disci- 
plines involved in the care of patients undergoing a potentially gonadotoxic 
treatment. A prerequisite for the integration of the topic of fertility and fertility 
maintenance in connection with oncological diseases is initially raising awareness 
and the associated willingness to deal with this topic for patients. The FertiPROTEKT 
network [3], as well as the German Childhood Cancer Foundation [4], provides 
online information material to sensitise colleagues and patients about this topic and 
to enable networking with corresponding centres. 

Fertility counselling prior to planned gonadotoxic treatment is only useful if 
there is sufficient time to carry out potentially fertility-preserving measures. Advice 
on alternative options if there is too little time available before the start of treatment 
and on endocrinological aftercare should be offered to all patients by means of 
reproductive medical counselling, even after completion of the gonadotoxic treat- 
ment. Therefore, it is an important prerequisite that all specialist disciplines involved 
work closely together (Fig. 1). 

In addition to the supervising oncologists or paediatric oncologists, transplant 
surgeons and gynaecologists, the team also includes reproductive physicians. 
Experienced gynaecologists and paediatric surgeons are required to perform inva- 
sive surgical measures (ovarian tissue cryopreservation, ovarian transposition). 
Radiologists should also be involved in the assessment and indication of ovarian 
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transposition to move the ovary away from the radiation field in patients undergoing 
radiotherapy. Close cooperation with gynaecological/paediatric endocrinologists is 
essential, e.g. for clarifying the pubertal stage in advance and for patient follow-up. 
As the subject of fertility and the consequences are very sensitive issues for patients, 
it is also helpful to involve psychologists in the team who also accompany the coun- 
selling processes. It is beneficial to designate a fertility advisor (also known as an 
“oncofertility navigator’), who initiates and coordinates advice and the networking 
of all disciplines (see also Fig. 3). Such a role is certainly optional, but has proven 
to be helpful for the smooth running of counselling and the initiation of procedures. 
All available disciplines should be prepared to make appointments at short notice 
for consultation, presentation or even the implementation of invasive measures, 
since—due to the basic diagnosis—the time available for fertility preservation treat- 
ment can be tight and a rapid start of treatment should not be delayed by the fertility 
consultation. Particularly with paediatric patients, an appropriate approach to their 
maturity is a matter of course and necessary during their counselling and support. 


Consensus Agreement Amongst the Team 


The prerequisite for fertility counselling of oncological patients prior to gonado- 
toxic treatment or stem cell transplantation is firstly the appreciation and recogni- 
tion of this topic among the doctors caring for them and secondly a unified policy in 
the counselling of patients and the indications for fertility preservation measures. 
The team should take note of and discuss existing recommendations on fertility 
preservation, for example from the German Society for Gynaecology and Obstetrics 
[5], the Society for Paediatric Haematology and Oncology [6] or the European Stem 
Cell Society (EBMT) [7] (Fig. 2). 

The existing guidelines help to classify the gonadotoxic risk of the respective 
treatment and indicate possibilities for fertility preservation. When advising patients, 
however, other individual aspects must be considered. The consensus among col- 
leagues is important here to also enable a standard procedure for the patients and 
factors such as the time delay or the patient’s general state of health. Despite the 
importance of informing patients before the start of treatment and the significance 
of fertility for the patients’ future, fertility counselling and possibly associated mea- 
sures for preserving fertility should not lead to a relevant postponement of the start 
of treatment or to surgical complications, to a worsening of the patient’s prognosis. 

An important point in the decision for or against fertility preservation measures 
is to clarify the risk of transmission of malignant cells through gonadal tissue. The 
respective risk should be considered carefully and openly discussed with the patient 
when deciding whether to remove gonadal tissue. Further aspects to be considered 
here are the curative or palliative orientation of the treatment, the maturity and 
pubertal development of paediatric patients, as well as the localisation of a tumour 
and the associated surgical complications if invasive measures are performed. If 
there are underlying genetic diseases, which can be passed on to the offspring if the 
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tissue is preserved, corresponding education of the patient or their legal guardian as 
well as human genetic counselling after the end of the treatment is necessary. 

Ethical issues must also be discussed in the team, since, for example, the legal 
guardians of paediatric patients must decide about using tissue from their underage 
child long before the subject of family planning can be considered. 


Structures 


Standard Operating Procedures (SOPs) 


To enable comprehensive and prompt fertility counselling in oncology centres, it is 
helpful to structure necessary procedures and tasks. 

If the centre is a practice or clinic without its own oncology department, it is 
advisable to look for cooperation partners and organise a standard procedure. 
Cooperation agreements are necessary for this. Fixed contact persons, easily acces- 
sible telephone contacts and standardised transport (e.g. for tissue) also facilitate 
rapid consultation and treatment of the patients concerned, especially when there is 
time pressure. 

Overall, it makes sense to determine which parameters should be processed 
before the start and during the course of a potentially gonadotoxic treatment and to 
document the necessary examinations and procedures required, e.g. in the check- 
lists when patients are newly admitted to oncology departments or stem cell 
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transplant centres. Standard operating procedures (SOP) can be helpful in structur- 
ing the procedures for fertility counselling and the implementation of fertility-pres- 
ervation measures. There are therefore fixed pathways for patients to receive all the 


necessary preliminary investigations and to quickly receive fertility counselling as 
part of the staging of new diagnoses (Fig. 3). 
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Fig. 3 Example of a standard operating procedure (SOP) for fertility counselling of paediatric 
patients. The oncofertility navigator/fertility consultant advises the patient and initiates the imple- 
mentation of fertility-preservation measures 
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Investigation 


In addition to the medical history, a gynaecological examination and ultrasound of 
the internal genitals should be performed as part of fertility-preservation planning. 
In the consultation and care of paediatric patients, it is also necessary to determine 
the puberty stage prior to consultation, since—depending on maturity and develop- 
ment—different fertility preservation methods may be considered. 

These include: 


* Asking about the menarche 

* Clinical examination 

* Documentation of the Tanner stage 

* Measurement of weight and height 

* Measurement of FSH, LH, estrogen and AMH 


Depending on the legal situation in the respective country, infection serology 
(HIV, hepatitis B and C) is also required before the storage of germ cells or tissue to 
avoid potential transmission of contaminants to already stored samples [8]. Separate 
cryopreservation and storage are necessary for infectious patients. 


Legal Aspects of Removal and Storage 


In order to be able to store cryopreserved fertilised or unfertilised oocytes, expert 
preparation and treatment by a specialist in reproductive medicine are required. The 
existence of an IVF laboratory and the expertise of embryologists are considered a 
basic requirement for fertility preservation (as well as in assisted reproduction in 
event of an unfulfilled desire to have children) to adequately process the germ cells 
according to scientific standards. The quality of further treatment plays a decisive 
role for the later outcome in terms of the live birth rate. 

Reproductive medicine centres and their IVF laboratories are subject to legal 
regulations, which are checked by regular inspections. In the case of storage or 
relocation of externally removed germ cells, the above-mentioned cooperation 
agreements and SOPs must be kept in place and regulated transport must be organ- 
ised to guarantee a standard and legally compliant therapy [9, 10]. It is therefore 
advisable to devote time and attention to recommendations/guidelines and the legal 
situation relating to reproductive medicine therapy, removal and storage of germ 
cells or tissue (e.g. removal and transfer of human germ cells as part of assisted 
reproduction, the Medicines Act, transplantation law, ESHRE guidelines) [11, 12]. 

In the case of cryopreservation of ovarian tissue—similar to the removal of 
oocytes—depending on the country, permission from the government authorities 
may be required for the inspection and release of the surgeons and the operating 
theatres [8]. A prerequisite for this is approval from the respective regional council 
before the tissue can be removed and transferred to a specialised centre with a 
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cryobank. This applies not only to gynaecological but also to paediatric surgeons, 
who are required to provide evidence of an appropriately trained and qualified per- 
son. There does not seem to be a nationwide or even international standard regula- 
tion for this, and it is at the discretion of the individual regional councils. 

The processing of ovarian tissue prior to cryopreservation, its transport, as well 
as the freezing and thawing process are different from that of cryopreservation of 
germ cells and should be subject to qualitative standards, which is why cooperation 
with specialized centres is recommended. 

Before oocytes or ovarian tissue are removed for fertility preservation purposes, 
the following should be contractually clarified in addition to obtaining written con- 
sent from the patient or legal guardian: how long the material will be kept frozen for, 
at what intervals the patient will request renewal of his consent for storage and that 
the material will be destroyed in the event of the patient’s death [13, 14]. 


Aftercare 


After completing gonadotoxic treatment, regular long-term follow-up is recom- 
mended to resolve endocrinological problems e.g. the possibly necessary induction 
of puberty or gynaecological questions e.g. to discuss sexuality, fertility, contracep- 
tion or hormone replacement therapy (Chapters “Infertility Treatment After Fertility 
Preservation Therapies”, “Pregnancy After Chemotherapy and Radiation of the 
Pelvis”, and “Premature Ovarian Insufficiency: Hormone Replacement Therapy 
and Follow-up"). An individual assessment of the expected loss of ovarian function 
must take various factors into account: 

* The age of the patient 

* The therapy regime 

* Other pre-existing conditions 

* The existing ovarian reserve 

The latter is only possible to a limited extent, especially in childhood and adoles- 
cence, since the determination of the concentration of Anti-Müllerian hormone 
(AMH) and the ultrasound representation of the antral follicle count (AFC) only 
allow approximate conclusions to be drawn about the primordial follicles which are 
actually present. 


Documentation 


Documentation forms are useful to ensure that the fertility counselling carried out 
and indicated fertility preservation measures are well documented at a later date. 
Analogous to classic ART patients and in accordance with legal requirements, they 
must be stored for 30 years. A summary of the consultation in the respective onco- 
logical epicrisis is recommended and is considered legal documentation of a 
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completed explanation of the expected gonadotoxic risk of the planned treatment. If 
fertility-preserving measures have been carried out, an additional doctor’s letter 
(“tissue passport") may be useful, which contains information about the consulta- 
tion, measures carried out and complications, and in particular the transport and 
whereabouts of the tissue (location of the tissue bank), to ensure that patients can 
retrieve the tissue later if necessary. 
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Basic Considerations 


The criteria for performing fertility preservation are similar for men and women. 
However, since therapies for women are usually more complex, more expensive and 
are associated with higher risks, only the indications for women will be described 
below. Further information on the indications for fertility-preservation therapy in 
men can be found in the chapter “Cryopreservation of Sperm and Testicular Tissue” 
and for children in chapter “Pediatric Oncological Cancer”. 

If a woman is still of reproductive age, the first question that arises is whether 
fertility-preservation therapy should be offered or not. In principle, every woman 
should have the right to inform herself about the possibility of such measures. A 
study by the FertiPROTEKT network showed that based on the (self-evaluated) 
physical and psychological status and the individual significance of fertility, it can- 
not be predicted whether a woman will decide for or against fertility-preservation 
therapy [1]. However, even those women who decided against fertility-preservation 
therapy found the counselling helpful. 

Nevertheless, it does not make sense to send each patient to a specialist for 
fertility-preservation counselling, otherwise fertility-preservation measures could 
be taken even if they are not necessary because of low gonadotoxicity of the treat- 
ment. In addition, if the patient’s prognosis is poor, unrealistic expectations and 
possibly unnecessary risks result from the implementation of such therapies. 
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Therefore, fertility-preservation therapy should only be used if: 


* The likelihood of surviving the disease is high 
* The risk of infertility due to (mostly) oncological therapy is high 
e Fertility-preservation therapy is low risk and effective 


Information on prognosis can be found in the disease descriptions in chapters 
“Breast Cancer; Hodgkin’s Lymphoma; Acute Leukemia; Ovarian Tumors and 
Ovarian Cancer; Cervical Cancer; Endometrial Hyperplasia and Endometrial 
Carcinoma; Pediatric Oncological Cancer; Other Malignancies; Non-Malignant 
Diseases Requiring Stem Cell Transplantation; Severe Autoimmune Diseases; 
Endometriosis; Turner Syndrome; Transgender”. Information on the risks of infer- 
tility due to oncological therapy is also described. These are highly dependent on 
the composition and dosage of the particular chemotherapy. 

In this book, fertility-preservation therapy is recommended if (mostly) oncologi- 
cal therapy leads to a >20% probability of amenorrhea or azoospermia at the time of 
the expected desire to have a child. For example, the risk of amenorrhea immedi- 
ately after chemotherapy does not play a role at the age of 18, but it does at the age 
of 30. The amenorrhoea/azoospermia threshold risk value of 20% is in line with the 
cost reimbursement policy in Switzerland. Fertility-preservation therapy costs are 
covered in Switzerland at a risk of >20%. 

The specific risks of radiotherapy are shown in Table 1. 

The so-called Edinburgh criteria are also helpful for defining the indication 
(Table 2). Wallace et al. [4] were able to demonstrate that if these criteria were met, 
ovarian tissue would only by cryopreserved if it was considered “useful” for the 
patient. A premature ovarian failure (POI) risk of >50% was regarded as “useful”. 

The girls and women who were offered ovarian tissue cryopreservation almost 
all survived the disease and had a 35% probability of premature ovarian failure. In 
comparison, the survival rate reached only 1% if such a therapy had not been offered 
according to the Edinburgh criteria. 


Table 1 Effect of different radiation doses on the gonads [2, 3] 


Effects Radiation dose 
Women: no relevant effects 0.6 Gy 
Women: no relevant effects if age <40 years 1.5 Gy 
Women: risk of ovarian insufficiency: ca. 60% if age 15-40 years 2.5-5 Gy 
Women: sterilising dose at 0 years of age 20 Gy 
Women: sterilising dose at 10 years of age 18 Gy 
Women: sterilising dose at 20 years of age 16 Gy 
Women: sterilising dose at 30 years of age 14 Gy 
Women: sterilising dose at 40 years of age 7 Gy 
Women: Reduction of the follicle pool by ca. 50% 2 Gy 

Men: long-lasting azoospermia possible 22 Gy total 
Men: permanent azoospermia possible 24 Gy total 


Men: permanent azoospermia possible >1.2 Gy fractionated 
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Table 2 Edinburgh Age <35 years 
selection criteria for the HN - 
cryopreservation of ovarian 
tissue in girls and young 
women [4] 


No prior chemotherapy if 2:15 years at first diagnosis 


Mild, non-gonadotoxic chemotherapy acceptable if it 
occurred at the age of «15 years _ 


Realistic chance of 5-year survival 


High risk. of premature ovarian failure (5090) 


No pregnancy and no own children 


The type of fertility-preservation therapy to be chosen depends on many criteria 
such as the prognosis, the age of the patient, the available time frame, the risks of 
fertility-preservation therapy and ultimately also on the costs, the facilities at the 
counselling centres and the political situation. Due to the many factors involved, a 
decision on the type of therapy must always be made on an individual basis. The 
fertility-preservation interventions carried out in women and registered in the 
FertiPROTEKT network in 2018 are shown in Fig. 1, depending on age. 


Practical Approach 


The following questions about the indication and implementation of fertility- 
preservation therapy arise in a logical sequence from the above explanations. The 
criteria mentioned must of course be adapted to the respective circumstances. 
Therefore, we deliberately refrain from quantifying the individual points, e.g. at 
exactly what risk of long-term sterility should fertility-preservation therapy be initi- 
ated, since the relevance varies greatly from individual to individual. Information on 
the questions can be found in chapters “Breast Cancer"; “Hodgkin’s Lymphoma"; 
"Acute Leukemia"; “Ovarian Tumors and Ovarian Cancer”; “Cervical Cancer”; 
“Endometrial Hyperplasia and Endometrial Carcinoma"; “Pediatric Oncological 
Cancer”; “Other Malignancies”; “Non-Malignant Diseases Requiring Stem Cell 
Transplantation”; “Severe Autoimmune Diseases”; “Endometriosis”; “Turner 
Syndrome”; and “Transgender”. 


1. Does the patient’s age still allow the implementation of fertility-preservation 
therapy? If “yes”, i.e. if the patient is about <40 years old (in men there is no age 
limit), see Point 2. 

2. Is the prognosis of the disease sufficiently good for the implementation of 
fertility-preservation therapy? If yes, see Point 3. 

3. Is a later pregnancy (or paternity) compatible with the underlying disease and 
therapy? If “yes”, see Point 4. 

4. Is the expected (mostly) oncological therapy associated with a relevant risk of 
long-term infertility? If “yes”, see Point 5. 

5. Is it possible to carry out fertility-preservation therapy for the underlying disease 
with a low risk? If yes, i.e. if the health of the patient and the effectiveness of the 
oncological therapy are not endangered by the measures, see Point 6. 
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n | BU GnRHa Ovarian Tissue Cryopreservation + 
Ovarian Transposition +/- GnRHa 
BEE Ovarian Tissue Cryo- | — Ovarian Stimulation 
preservation +/- GnRHa +/- GnRHa 
. — Ovarian Stimulation, Ovarian Tissue 
Cryopreservation +/- GnRHa 


6-14 15-20 21-25 26-30 31-35 36-40 41-45 
Age Groups in Years 


Fig.1 Interventions carried out in 2018 among women in the FertiPROTEKT network depending 
on age [5] 


6. Is the time frame sufficient for carrying out fertility-preservation therapy? If yes, 
i.e. if a—approx. 2-4 weeks (depending on the fertility-preservation measure) 
until the oncological therapy is initiated, see Point 7. 

7. Which measure(s) should most reasonably be offered/carried out (see chapters 
“Ovarian Stimulation to Collect Oocytes”; “Cryopreservation of Unfertilized 
and Fertilized Oocytes”; “Removal of Ovarian Tissue"; "Transportation, 
Cryopreservation and Storage of Ovarian Tissue"; Transplantation of Ovarian 
Tissue"; “GnRH Agonists”; “Transposition of Ovaries”; “Cryopreservation of 
Sperm and Testicular Tissue”; and “Further Fertility Preservation Techniques”)? 


Questions 1-6 are often already answered by the responsible oncologists. In 
individual cases, however, they are also discussed by the reproductive physicians 
before the patient is presented. If the questions tend to be answered with “yes”, it is 
up to the reproductive physicians to discuss Question 7 with the patient and initiate 
appropriate measures. The flow chart (Fig. 2) shows the procedure 
diagrammatically. 
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Y 


Patient will probably survive aa 
Y 


Later pregnancy is compatible with the health ofthe | __ 


woman If not: F 
Y eq Rather no fertility 


preservation 


Moderate or high risk for therapy induced infertility 
(around > 20%) 
y 
Fertility preservation can be performed with low risk 
for the health of the patient 


Y Y Y Y Y Y 
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Fig.2 Orientative approach for defining the indication for fertility-preservation therapy in women 
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Part II 
Fertility Preservation—Diseases 


Breast Cancer A) 


Check for 
updates 


Patrizia Sager, Michael von Wolff, and Tanja Fehm 


Stage-Dependent Prognosis 


Breast cancer is the most common cancer among women worldwide. In the Western 
world, the proportion of women under 40 years of age suffering from the disease is 
about 4-5%. This corresponds to around 3700 women per year in Germany and 280 
per year in Switzerland and Austria. Approximately 40% of all patients advised by 
FertiPROTEKT centers had breast cancer [1]. 

The 10-year survival rate of all women and stages is 86%. Women under 35 years 
of age have a significantly worse prognosis regarding both overall survival and the 
development of a relapse (Table 1). 

Han et al. [5] examined the outcome as a function of the woman’s age. In an 
analysis of 9885 women <SO years with breast cancer, they showed that overall 
survival decreased significantly at the age of <35 years. The survival rate decreased 
arithmetically by 5% per lower year of life for women <35 years of age (calculated 
until the age of approx. 25 years). 
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Table 1 Recent large studies investigating the impact of age on breast cancer prognosis by 


comparing two different age groups (mod. [2]) 


P. Sager et al. 


Impact of young age on 


Age, Age, years | Outcome outcome (multivariate model) 
years (n) | (n) definition Hazard ratio 95% CI 
Gnerlich etal. | <40 >40 Breast cancer- 1.39 1.34-1.45 
2009 [3] (15548) (227464) specific survival 
Fredholm et al. | <35 (378) | 50-69 Breast cancer- 1.76 1.36-2.28 
2009 [4] (13486) specific survival 
Han et al. 2010 | <35 40-50 Overall survival |30-34 y.: 1.43; 1.18-1.74; 
[5] (1443) (6335) 26-29 y.: 1.97 1.48-2.62 
Azim etal. <40 (339) | >40 (2562) | Relapse free 1.34 1.10-1.63 
2012 [6] survival 


Table 2 Survival rate in relation to disease stage at diagnosis 
1988-2003 (mod. [3]) 


in women <40 years, SEER 


Death due to Death due to 
Number | Alive | breast cancer other causes 
Stage (n) (%) (%) (%) TNM (UICC) 
In situ 1806 98.2 0.6 1.2 Tis, NO, MO 
I 4028 92.1 6.8 1.1 T1, NO, MO 
II 7016 77.4 20.3 2,3 TO, T1, NI, MO T2, NO, MO 
T2, NI, MO T3, NO, MO 
II 1292 53.1 43.7 3.3 TO-T2, N2, MO T3, NI, N2, 
MO T4, NO-N2, MO all T, N3, 
Mo 
IV 551 27.4 66.4 6.2 All T, all N, MI 
Unstaged | 855 72.7 23.3 4.0 
Overall | 15,548 79.6 18.3 2.2 


The outcome also depends largely on the tumour stage. In one study, the mortality 
of 243,012 women <40 years of age who were diagnosed breast cancer between 
1998 and 2003 was analysed based on an American registry (SEER) (Table 2). 

The patient’s prognosis also depends on the intrinsic subtype. Young women are 
more likely to develop triple-negative breast cancer (=no therapy-relevant expres- 
sion of the estrogen and progesterone receptor and growth factor receptor 2 = HER2), 
which exhibits a more aggressive course than with an expression of the factors. In 
addition, the prognosis of the so-called luminal B type (classification based on the 
gene expression profile) and the HER2 type is worse in younger patients than in 
older ones. 

Young women with stage I hormone receptor (HR) positive high grade breast 
cancer have disproportionally lower 10-year survival (Fig. 1). Long-lasting estrogen 
deprivation therapies increase the survival rate, which however has a negative 
impact on bone, cardiac and reproductive health. 
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20-29years 


30-39years 


40-49years 


Fig. 1 Ten-year survival rate by age, stage, hormone receptor (HR) status and grade among 
164.963 women diagnosed breast cancer 2000-2014 according to SEER 18 registries [7]. Light 
blue: Stage I, Medium blue: Stage IL, Dark Blue: Stage III 
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Table 3 Risk of amenorrhoea with different chemotherapies and age groups (mod. [9]) 


Treatment? | Age < 30 years | Age 31-35 years | Age 36-40 years | Age > 40 years 
CMF | 4-19% | 30-40% | 50 | 80-100% 
Chemotherapy with A | 0% | 33% | | 96-100% 
AC-T +H |9-20% | 19-47% [21-61% | No data 

M, F, Tamoxifen | Low risk 


Monoclonal antibodies | Risk unknown 


aC = Cyclophosphamide, M = Methotrexate, F = 5-Fluorouracil, A = Doxorubicin, T = Paclitaxel, 
H = Trastuzumab 


Treatment Gonadotoxicity 


Cytotoxically induced amenorrhea in patients after adjuvant systemic therapy is 
largely dependent on the age of the patient and the chemotherapy regime. 

Cyclophosphamide has a particularly negative effect on the ovarian reserve, and 
chemotherapy-containing cyclophosphamide is associated with a risk of amenor- 
rhoea of at least 20% in women aged around >30 years (Table 3). 

When deciding to use a fertility-preservation measure, it should be noted that 
the risk of premature ovarian insufficiency (POI) is sometimes not very high in 
breast cancer; however, endocrine treatment is often given for longer, especially 
in estrogen-sensitive breast cancer [8]. Meanwhile, the patient’s ovarian reserve 
can decrease further and her age can increase to such an extent that a spontaneous 
pregnancy is no longer possible. Therefore, even if the risk of POI is not very 
high, fertility-preservation measures should be considered. This is particularly 
true if the woman is >40 years old at the expected time of pregnancy, as the 
oocyte quality (increasing aneuploidy rate with age) also decreases significantly 
at this age. 


Probability of Ovarian Metastasis 


The data on the probability of ovarian metastasis in sporadically occurring breast 
cancer are not very extensive. Ovarian metastases were found in 5 of 20 women 
(25%) who underwent bilateral ovariectomy in 1987-1993 as treatment for meta- 
static breast cancer [10]. The risk is particularly high for infiltrating lobular carci- 
noma, where ovarian metastases were found in 5 of 14 women who died of breast 
cancer and were autopsied, compared to 2 of 75 (2.6%) women with infiltrating 
ductal carcinoma [11]. This data show that there is a relevant risk of ovarian metas- 
tases in women with higher stages of breast cancer. Stage IV breast cancers, i.e. 
those with metastases, have therefore been classified as diseases with an increased 
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Table 4 Risk of transferring malignant breast cancer cells with transplanted frozen ovarian tissue 


| Number of patients Metastases 
Study (n) Stage found 
Sanchez-Serrano et al. 2009 | 63 I: n= 16, II: n = 41, HIA: [No 
[12] [n= 6 j 
Rosendahl et al. 2011 [13] 51 | IVIL: n = 44 [No 
Hoekmann et al. 2015 [14] 23 I:n=6,HA/B:n=15, | No 
INA: n 22 


risk of ovarian metastasis (see chapter *Removal of Ovarian Tissue", Table 2) and 
cryopreservation of ovarian tissue should not be performed. 

Several studies have attempted to detect breast cancer metastases in cryopre- 
served ovarian tissue using microscopy and immunohistochemistry. Most of these 
studies analysed only a small piece of the preserved tissue (Table 4). 

Breast cancer metastases could not be identified in any of the studies. 

In summary, the risk of ovarian metastases is low at stage NO. If the lymph nodes 
are positive and there is no proven peripheral metastasis (stages II and III), ovarian 
metastasis is also unlikely. However, the data situation here is limited. In principle, 
histological examination of a tissue sample should be carried out before transplanta- 
tion of the tissue. With peripheral metastasis, i.e. in stage IV, cryopreservation of 
ovarian tissue should not be carried out, especially since the prognosis of the patient 
is then often too poor to justify the risk of a laparoscopy. 

Regarding the risk that ovarian carcinoma could later develop from the trans- 
planted ovarian tissue, the following should be noted: Women with a BRCAI or 
BRCA2 gene mutation have a lifetime risk of developing ovarian cancer of 15-56% 
[15]. When performing a prophylactic adnexectomy, occult ovarian cancer was 
found in 6% of BRCAI and 2% of BRCA2 carriers [16]. 

These data mean that cryopreservation and transplantation of ovarian tissue can 
be carried out after an appropriate risk assessment of a BRCA mutation, but that the 
tissue should be removed after pregnancy and delivery. 


Effectiveness and Risks of Fertility Protection 


Effectiveness 


The ovarian reserve is not usually affected in women with breast cancer. The effec- 
tiveness of fertility preservation measures and the number of oocytes during ovarian 
stimulation are therefore not reduced [17] and only depend on age or the individual 
ovarian reserve. The effectiveness therefore corresponds to the information in 


38 P. Sager et al. 


chapters “Ovarian Stimulation to Collect Oocytes” and “Cryopreservation of 
Unfertilized and Fertilized Oocytes”. 

However, an exception seems to be women with a BRCA mutation. The vast 
majority of studies conducted so far have shown a lower number of oocytes in ovar- 
ian stimulation of mutation carriers. According to Derks-Smeets et al. [18] and 
Turan et al. [19], the average number of oocytes in mutation carriers is 9.0 and 7.4 
and in non-mutation carriers 10.0 and 10.6. Derks-Smeets et al. [18] described this 
effect as particularly pronounced in BRCAI mutation carriers. The lower number of 
retrieved oocytes is probably due to a lower ovarian reserve. Son et al. [20] found a 
32% lower AMH concentration in mutation carriers. It is not yet known whether this 
also leads to lower effectiveness of cryopreservation and transplantation of ovar- 
ian tissue. 


Risks from Postponement of Chemotherapy 


This risk does not usually exist for breast cancer, since the time available 
between diagnosis and the start of chemotherapy is usually enough to carry out 
a fertility-preservation measure. Therefore, from a time perspective, all the mea- 
sures mentioned in chapters “Ovarian Stimulation to Collect Oocytes”, 
“Cryopreservation of Unfertilized and Fertilized Oocytes”, “Removal of Ovarian 
Tissue” and “Transportation, Cryopreservation and Storage of Ovarian Tissue” 
can usually be carried out. Double stimulation (see Chapter “Ovarian Stimulation 
to Collect Oocytes”) is also possible to double the success rate, especially in low 
responders. 


Risks from Ovarian Stimulation 


In theory, there is a risk that hormone receptor-positive tumour cells could prolifer- 
ate as a result of increased estrogen blood concentration due to gonadotropin stimu- 
lation to obtain oocytes (see chapter “Ovarian Stimulation to Collect Oocytes”). So 
far, there is no evidence for or against such an effect. However, it is very unlikely 
that gonadotropin stimulation influences the patient’s prognosis for the following 
reasons: 


1. Aromatase inhibitors can also be administered alongside gonadotropin stimula- 
tion (see Chapter “Ovarian Stimulation to Collect Oocytes”), which roughly 
halves the serum estrogen concentration. 

2. Estrogen concentrations only rise to supraphysiological concentrations 
over | week. 
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3. After the diagnosis has been made, the oncologist may allow several weeks to 
elapse before chemotherapy is started if the menstrual cycle is still normal with 
estrogen production. This waiting period with physiological estrogen production 
does not seem to have an adverse effect on the patient’s prognosis. 


Although the risk of the prognosis being worsened by stimulation is likely to be 
low, alternative fertility-preservation measures such as cryopreservation of ovarian 
tissue should always be considered for patients with hormone receptor- 
positive cancer. 


Risks and Benefits of GnRH Agonists (GnRHa) 


Use of GnRHa has long been considered critical. Data from the SOFT and TEXT 
studies [21, 22] showed that giving GnRHa for chemotherapy or endocrine therapy 
made no difference to the patients’ prognosis. Extended GnRHa administration for 
adjuvant anti-hormonal therapy in premenopausal patients is now recommended in 
the current guidelines. 

Several randomised studies have now also demonstrated the fertility preservation 
benefits of GnRHa [23-27]. Reduction in amenorrhoea and increase in pregnancy 
rates were confirmed in meta-analyses (see chapter “GnRH Agonists”). 

As a result, the administration of GnRHa during chemotherapy has now been 
accepted by German oncologists (Study Group for Gynaecological Oncology, AGO; 
The German Society for Gynaecology and Obstetrics, DGGG; Guidelines of the 
European Society for Medical Oncology, ESMO) as an option for fertility 
preservation. 

GnRHa can therefore also be offered as a fertility-preservation measure to 
patients with hormone receptor-positive breast cancer. 

GnRHa could also be beneficial in premenopausal patients — regardless of a pro- 
spective desire to have children. The lower probability of POI reduces the risk of 
menopausal symptoms. It should be noted that hormone replacement therapy is 
contraindicated in women with breast cancer (see chapter “Premature Ovarian 
Insufficiency: Hormone Replacement Therapy and Follow Up”). 


Practical Approach 


Patients should attend a reproductive medicine centre as early as possible so that 
enough time is available for the implementation of fertility-preservation measures. 
They can also attend before staging is completed (Fig. 2). 
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Fig. 2 Algorithm for fertility preservation in breast cancer patients 
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Stage-Dependent Prognosis 


Hodgkin’s lymphoma occurs worldwide with an annual incidence of 2-3/100,000, 
with men being affected slightly more frequently in a ratio of 3:2 [1]. 

A total of 2490 new cases were recorded in Germany in 2016. Young people are 
frequently affected and up to % of patients are under 60 years of age at diagnosis 
[2]. For young patients, family planning is often not yet complete at the time of the 
initial diagnosis or has not been addressed at all. About 30% of women counselled 
in the FertiPROTEKT network suffer from lymphoma, predominantly Hodgkin’s 
lymphoma [3]. 

In recent decades, Hodgkin’s lymphoma has developed from an incurable dis- 
ease to one of the best treatable oncological diseases in adulthood with outstanding 
5-year survival rates (Tables 1 and 2). 

In a large retrospective study by Glimelius et al [4], the outcome of a total of 1947 
Swedish Hodgkin's lymphoma patients diagnosed in the period 1992-2009 and 
aged between 15 and 59 years at diagnosis was recorded. The age distribution in the 
patient-collective showed the expected age distribution with 36.4% in the youngest 
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Table 1 Survival rates of women and men depending on age 


Age at initial diagnosis 5 years relative survival rate 15 years relative survival rate 
(years) (95% confidence interval) (95% confidence interval) 
Glimelius 18-29 96% (95-98%) 94% (91-95%) 
et al. [4] 30-39 95% (93-97%) 91% (87-94%) 

40-49 93% (90-96%) 87% (81-91%) 
Pulte et al. [5] | 15-29 97.9% 

30-39 95.8% 

40-59 88.3% 


Table 2 Survival rates of women and men depending on initial disease stage 


5 years FFTF | 5 years PFS 5 years OS 
(95% (95% (95% 
confidence confidence confidence 
Stage Therapy interval) interval) interval) 
Behringer | Early 2 cycles of 93.1% 93.5% 97.6% 
etal. 2015 | favourable ABVD (90.7-95.5%) | (91.1-95.9%) | (96.1-99.1%) 
[7] 
von Early 2 cycles of 94.8% 95.4% 97.2% 
Tresckow un-favourable | escalated (93.1-96.6%) | (93.7-97.1%) | (95.8-98.6%) 
et al. 2012 BEACOPP 
[8] +2 cycles of 
ABVD 
Engert et al. | Advanced 6 cycles of 89.3% 90.3% 95.3% 
2012 [9] escalated (86.5-92.1%) | (87.6-93.0%) | (93.4-97.2%) 
BEACOPP 


Outcome criteria: FFTF freedom from treatment failure, PFS progression-free survival and OS 
overall survival 


age group of 18-29 years, 21.2% aged 30-39 years and 14.2% aged 40-49 years. 
The outcome in terms of age is shown with the 5- and 15-year (relative) survival 
rates and shows a clear age-dependent outcome. The 15-year survival rate is 94% in 
the youngest age group of 18-29 years, and 87% in the 40-49 years age group. 

This is also the result of an evaluation by Pulte et al. [5], in which the 5-year 
(relative) survival of a total of 5300 patients suffering from Hodgkin’s lymphoma in 
Germany from 1997 to 2006 is evaluated. The 5-year survival rate also decreased 
with increasing age. 

As a limitation, it should be mentioned that there were major therapeutic 
advances in the studied period of 18 or 10 years, and that the patient collective was 
treated with various radiation and chemotherapy regimens. The cure rate also 
depends on the stage, the response to therapy and the risk factors (Table 2). Overall, 
it is between 80 and 95%, and the number of long-term survivors is steadily 
increasing [6]. 

After staging, patients are divided into three risk groups using the Ann Arbor 
classification (describes the involvement of the lymph node regions) and the pres- 
ence or absence of certain risk factors: 
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1. Clinical stages (CS) I-ITA and B without risk factors are considered early, prog- 
nostically favourable stages. 

2. CS IA and B and CS IA with >1 risk factor or CS IIB with the risk factors: 
accelerated blood sedimentation rate and/or >3 affected lymph node areas are 
listed as an intermediate patient group. 

3. CS II B with the risk factors: large mediastinal tumour mass and/or extranodal 
tumour foci as well as CS III/IV are classified as advanced stages. 


According to the German Swiss Austrian S3 guideline “Diagnosis, treatment and 
follow-up care of Hodgkin's lymphoma in adult patients" from June 2018, the 
stage-adapted treatment recommendation for patients X60 years of age is as fol- 
lows [10]: 


* In the early stages, two cycles of ABVD (adriamycin, bleomycin, vinblastine, 
dacarbazine) and then involved field (IF)—RT with 20 Gray are administered. 

* [nthe intermediate stages, the recommended treatment regimen consists of com- 
bination chemotherapy consisting of two cycles of escalated BEACOPP (bleo- 
mycin, etoposide, doxorubicin, cyclophosphamide, vincristine, procarbazine, 
prednisolone) and two ABVD (2 + 2) cycles, as well as subsequent IF-RT with 
30 Gray. 

* In advanced stages, intermediate staging with PET/CT is carried out after two 
BEACOPP cycles. PET-negative patients receive two additional escalated 
BEACOPP cycles, for a total of four cycles. PET/CT positive patients receive 
four further escalated BEACOPP cycles, for a total of six cycles. If PET-positive 
residual lymphoma tissue of 22.5 cm is still present after the end of chemother- 
apy, localized radiotherapy with 30 Gray is carried out. 


In the analyses of the HD13 trial by the German Hodgkin's Study Group (GHSG) 
for the early stages, HD14 for the intermediate stages and HD15 and HD18 for the 
advanced stages, the current standard treatments showed excellent outcome results 
in all stages. The values collected refer to a follow-up period of 5 years, in which the 
following outcome criteria are recorded: “freedom from treatment failure" (FFTF), 
"progression-free survival" (PFS), which records patients who survived 5 years 
progression-free/relapse-free and 5-year overall survival (OS), which represents 
overall survival after 5 years. There was a stage-dependent outcome with a 5-year 
PFS and OS of 93.5% and 97.6% in the early stages versus 90.3% and 95.3% in the 
advanced stages. 


Treatment Gonadotoxicity 


Chemotherapy and radiotherapy always carry a risk of gonadotoxicity. The chemo- 
therapy regimens administered for Hodgkin's lymphoma show dose- and substance- 
dependent gonadotoxicity, with the more intensive escalated BEACOPP regime 
having a higher gonadotoxic effect than the ABVD regimen. Of the active 
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ingredients administered, the alkylating agents procarbazine and cyclophosphamide 
play a decisive role [11-13]. 

Data on fertility after Hodgkin’s lymphoma treatment were obtained in two stud- 
ies by the German Hodgkin’s Study Group (GHSG). The results published by 
Behringer et al. [14] looked at 405 patients who were under 40 years of age at first 
diagnosis and were treated in the third study generation (HD7-nine studies) between 
1994 and 1998. The more recent data from Behringer et al. [15] were obtained from 
a follow-up of a total of 1323 male and female patients from the fifth study genera- 
tion (HD13-15 studies). 


Treatment Gonadotoxicity in Women 


The publication by Behringer et al. [14], with a mean follow-up time of 3.2 years, 
showed that 51.4% of patients who received eight cycles of escalated BEACOPP 
suffered from amenorrhea. The most frequent reports of amenorrhea were from 
women in advanced stages, when the age at initial diagnosis was >30 years and 
when no oral contraceptives were taken during chemotherapy. 

With a mean follow-up time of 46 months in a total of 562 female Hodgkin’s 
lymphoma survivors who were <40 years old at initial diagnosis, the evaluation by 
Behringer et al. [15] also showed a clear difference with regard to age at initial 
diagnosis (</>30 years) and the treatment regimen administered (ABVD or esca- 
lated BEACOPP) (Tables 3 and 4). 

The measured values for follicle-stimulating hormone (FSH) and anti-Müllerian 
hormone (AMH) were in women >30 years and were significantly worse after treat- 
ment with escalated BEACOPP, consistent with damage to the ovarian reserve. The 
occurrence of regular menstruation was reported by more than 90% of women after 
early-stage therapy. In most cases, it started within the first year after treatment. A 
recent paper by Weibull et al. showed similar conclusions [16]. Fortunately, a com- 
parable birth rate between the examined 449 relapse-free Hodgkin lymphoma 


Table 3 Hormone and menstrual cycle parameters in women age 18-29 years after different 
chemotherapy regimens 


| 2 cycles of ABVD 
plus 
2 cycles of 6 cycles of 
2 cycles of escalated escalated 
ABVD BEACOPP BEACOPP 
AMH (pg/L) (95% confidence interval) | 2.2 (1.4-3.6) — |0.9 (0.7-1.2) 0.1 (0.1-0.2) 
FSH (U/L) (95% confidence interval) 24(12-47) |44 (3.2-6.1) 10.6 (6.3-18.0) 
Regular | After therapy 94% 100% 88% 
cycle At the time of analysis (Ø | 8896 95% 81% 
46 months after therapy) 
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Table 4 Hormone and menstrual cycle parameters in women age 18-29 years after different 
chemotherapy regimens 


2 cycles of ABVD plus |6cycles of 
2 cycles of |2 cycles of escalated escalated 
ABVD BEACOPP BEACOPP 
AMH (ug/L) (95% confidence 0.7 0.0 (0.0-0.1) 0.0 (0.0-0.0) 
interval) (0.3-1.6) 
FSH (U/L) (95% confidence 7.5 11.8 (8.2-16.9) 23.6 (14.6-38.2) 
interval) (5.9-9.6) 
Regular After therapy 97% 90% 55% 
cycle At the time of analysis | 95% 75% 40% 
(Ø 46 months after 
therapy) 


Table 5 Rate of amenorrhea depending on chemotherapy and age of female survivors [15] 


Chemotherapy Age 18-29 years (%) Age 30—45 years (%) 
2 cycles of A(B)VD 11 8 
4 cycles of ABVD 10 16 
2 cycles of ABVD plus T 25 
2 cycles of escalated BEACOPP 
6 cycles of escalated BEACOPP 24 74 
E cycles of escalated BEACOPP 20 70 


patients (all stages) and the normal population was shown 3 years after diagnosis. 
The birth rate was 22.596 in the group of former patients. 

Data from Behringer et al. [15] showed a longer time for ovarian function recov- 
ery after treatment with six to eight cycles of escalated BEACOPP, which was 
strongly dependent on the age of the patient at initial diagnosis. The risk of persis- 
tent amenorrhoea after 4 years was 25% in 25-year-old patients, while it increased 
to 5096 in 30-year-old patients. 

Table 5 summarises the risks of amenorrhoea after a mean follow-up period of 
46 months after chemotherapy [15] and thus the risk of POI depending on the che- 
motherapy used and the age of the woman and, derived from this, the recommenda- 
tions for the implementation of a fertility preservation measure are shown in Fig. 1. 


Treatment Gonadotoxicity in Men 


Radiochemotherapy mainly affects spermatogenesis in men, which is often limited 
even before the start of therapy, especially in the advanced stages [17]. The effects 
of treatment on testosterone production, however, are small. In the study data col- 
lected by Behringer et al. [15], the mean values for testosterone were within the 
limits after all treatment intensities. 
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Table 6 Hormone parameters of male survivors (age 18-49 years) depending on the type of 


chemotherapy regimen 


2 cycles of ABVD plus | 6 cycles of 

2 cycles of escalated escalated 
Hormone parameters 2 cycles of ABVD BEACOPP BEACOPP 
Mean FSH (U/L) (95% 5.6 (4.8-6.6) 7.9 (6.8-9.1) 18.7 (17.3-20.3) 
confidence interval) 
FSH > 12.4 U/L 13% 29% 80% 


Mean inhibin B (ng/L) 
(95% confidence interval) 


126.1 (111.5-140.7) 


93.3 (80.5-107.2) 


16.9 (12.9-20.9) 


Inhibin B < 25 ng/L 7% 22% 75% 

Mean LH (U/L) (95% 4.8 (4.3-5.3) 5.1 (4.6-5.6) 7.0 (6.6-7.5) 
confidence interval) 

LH > 8.6 U/L 11% 13% 28% 

Mean testosterone (ng/L) |4.2 (3.9-4.6) 4.7 (4.4-5.0) 4.1 (3.8-4.4) 
(95% confidence interval) 

Testosterone <2.8 ng/L 20% 14% 21% 


Table 7 Risk of azoospermia depending on the chemotherapy regimen [18] 


Percentage of male 
Number of male survivors with | survivors with azoospermia 
Chemotherapy azoospermia/total score (n) (%) 
2-8 cycles of ABVD 0/202 0 
2-6 cycles of ABVD/COPP or | 11/13 84.6 
OPP or MOPP 
2-6 cycles of ABVD plus 3/13 23 
inguinal radiotherapy 
(30-40 Gy) 
2-8 cycles of BEACOPP 8/16 50 


Behringer et al. [15] examined hormone parameters depending on the chemo- 
therapy regimen (Table 6). Seven hundred and sixty-one male Hodgkin’s lymphoma 
survivors who were younger than 50 years at the time of initial diagnosis were 
examined after a mean follow-up period of 48 months. Inhibin B and FSH levels 
correlated significantly with the intensity of chemotherapy (Table 6). After treat- 
ment in the early stages, 50% of the men showed an Inhibin B/FSH ratio corre- 
sponding with definite fertility (inhibin B/FSH ratio > 23.5 ng/U). However, the 
highest proportion of inhibin B/FSH values, which correlated with oligospermia, 
was found after six to eight cycles of escalated BEACOPP therapy (88.8%). 

Paoli et al. [18] examined sperm parameters and azoospermia rates depending on 
different chemotherapy regimens (Table 7). Chemotherapy according to the ABVD 
regimen led to a significant reduction in sperm concentration, which normalised 
within 24 months. Other chemotherapy regimens and radiotherapy often lead to 
long-term azoospermia (Table 6). Although the cohorts in the study by Paoli et al. 
are small, they show a clear correlation between the intensity of the chemotherapy 
regimen and sometimes long-term azoospermia rates. 
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Table 8 Trials examining ovarian contamination of cryopreserved ovarian tissue samples with 
Hodgkin’s lymphoma cells 


Stage of Metastases 


Trial Number of female survivors (n) illness proven 


Seshadri et al. 2006 26 (24 with information about stage |V/I:n=15 | No 

[19] of illness) II/IV: n 2 9 

Meirow et al. 2008 33 IV:nz8 No 

[20] 

Bittinger et al. 2011 1 IHB Yes 

[21] 

Hoekmann et al. 2015 |6 IIA: n Z 3 No 

[22] IIB:n-z1 
IVB:n=1 


Table 7 summarises the risks of long-term azoospermia 2 or 3 years after treat- 
ment [18], depending on the chemotherapy used. Recommendations for the imple- 
mentation of a fertility-preservation measure are shown in Fig. 2. 


Probability of Gonadal Metastasis 


The data available for estimating gonadal metastasis are limited. 

Several studies have systematically attempted to detect tumour cells in cryopre- 
served ovarian tissue. Table 8 shows the studies known to the authors and published 
to date. Overall, there is almost never any evidence of Hodgkin’s lymphoma cells in 
ovarian tissue, even in higher grade tumour stages. However, a case report with 
ovarian involvement of the lymphoma has been published [21]. Because of this case 
report and since it is never possible to examine the tissue to be transplanted, only an 
ovarian biopsy, a tissue sample should be examined histologically during cryo- 
preservation or at the latest before transplantation. 

Based on these examinations and the large number of ovarian tissue transplants 
without evidence of recurrence, Hodgkin’s lymphoma was classified as a disease 
with a low risk of metastasis (see chapter “Removal of Ovarian Tissue", Table 2). 


Effectiveness and Risks of Fertility Preservation 


Effectiveness 


Women and men with Hodgkin’s lymphoma are usually of a younger age. Women 
therefore usually have a good ovarian reserve and oocyte quality, and fertility- 
protective measures such as cryopreservation of ovarian tissue and oocytes are also 
very effective. 
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However, there are studies which suggest a lower ovarian reserve in women 
with Hodgkin’s lymphoma. The number of oocytes obtained during ovarian stim- 
ulation is 1.2-1.4 times lower in women with Hodgkin’s lymphoma [3, 23]. 
Lawrenz et al. [24] demonstrated a 35% lower serum concentration of AMH in 
women with Hodgkin’s lymphoma, which explains the lower response to ovarian 
stimulation. 

However, it is questionable whether the lower AMH concentration also leads the 
fertility-preservation measures being less effective. If oocytes are to be cryopre- 
served, the stimulation dose can be adjusted because the women are usually younger. 
If ovarian tissue is cryopreserved, the AMH concentration plays a minor role. What 
is important, however, is the actual ovarian reserve, i.e. the density of primordial 
follicles, which—in contrast to the AMH concentration—is not reduced in women 
with Hodgkin’s lymphoma [25]. 

It should be noted that sperm quality is reduced in men with lymphomas. 
Caponecchia et al. [17] found an average sperm concentration of 34.5 million/mL 
in men with lymphoma (Hodgkin’s and non-Hodgkin’s) compared to fertile men 
with 46.5 million/mL. However, motility and morphology were not affected. 


Risks 


Fertility-preservation measures are usually only associated with minor risks in 
patients with Hodgkin’s lymphoma. The tumour cells are not hormone-dependent 
and the time available for carrying out all procedures is usually sufficient. The risk 
of lymphoma cells appearing in the gonadal tissue also appears to be low, as no 
tumour cells have been detected to date. 

It should be noted, however, that Hodgkin’s lymphomas are often accompanied 
by mediastinal involvement, which means that intubation and extubation can be 
risky if the patient undergoes laparoscopy. In these cases, ovarian tissue should only 
be removed if the anaesthetists assess the sedation and intubation risk as being low. 
Alternatively, hormonal stimulation for cryopreservation of unfertilised or fertilised 
oocytes may be considered, as intubation anaesthesia is not required for follicle 
puncture. 


Practical Approach 


Patients should always be introduced to a reproductive medicine centre as early as 
possible, so that enough time is available for the implementation of fertility- 
preservation measures. This can also take place before the chemotherapy regimen 
has been decided upon (Figs. | and 2). 
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Decision 
criteria 


Therapy 


POI risk high: POI risk medium: POI risk low: 
* 4-6 cycles of * 2 cycles ABVD plus 2 cycles * 2 cycles of ABVD 
escalated escalated BEACOPP and * 2 cycles of ABVD plus 2 
BEACOPP age 2 30 years cycles escalated BEACOPP 
and age « 30 years 


Y 
Fertility preservation not 

Fertility preservation recommended strongly recommended, 
possibly only GnRHa 


Y Vv 
| Time frame 1 week | Time frame around 2 weeks | 
Y Y 


Freezing of ovarian tissue (if low risk 
laparoscopy) x GnRHa 


Freezing of oocytes x freezing of ovarian 
tissue x GnRHa 


Fig. 1 Flowchart for fertility preservation in female Hodgkin's lymphoma patients 


Decision 
criteria 


Therapy 


i 


Risk of Risk of azoospermia medium: Risk of azoospermia 

azoospermia high: * ABVD plus BEACOPP low: 

* Escalated * ABVD plus inguinal * ABVD 

BEACOPP radiotherapy 
AA Fertility preservation 
Fertility preservation recommended not strongly 
recommended 
Y Y 
| Postpubertal | | Prepubertal | 

J Y 


Freezing of sperm Freezing of testicular tissue 


Fig. 2 Flowchart for fertility preservation in male Hodgkin's lymphoma patients 
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Epidemiology and Prognosis 


Acute Lymphoblastic Leukaemia 


Acute lymphoblastic leukaemia (ALL) with degeneration of the lymphoid progeni- 
tor cells occurs with a frequency of 3.3 per 100,000 children. The median age of 
onset of the disease is 4.7 years, with a peak between 2 and 5 years of age. Boys are 
affected 20% more frequently than girls. 

The survival rate has steadily improved over recent years. According to the cur- 
rent report by the German Childhood Cancer Registry from 2018, the long-term 
survival rate after the age of 15 is 90% [1]. Survival rates decrease with increasing 
age. In adult ALL patients aged <55 years, the survival rates are 50-70% [2]. 

Both children and adults are often treated according to study protocols. In 
Germany, these protocols and recommendations are from the multicentre leukaemia 
study groups (www.kompetenznetz-leukaemie.de). 
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Acute Myeloid Leukaemia 


Acute myeloid leukaemia (AML) with a degeneration of the myeloid progenitor 
cells, i.e. the progenitor cells of the granulocytes and rarely also the thrombocytes 
and the erythrocytes is, with an incidence of 0.7 per 100,000 children aged <15 years, 
significantly rarer than ALL and accounts for approx. 20% of childhood leukaemia. 
The median age of disease onset is 4.1 years, with a low peak in the first 2 years of 
life and from the age of 13. The ratio of boys to girls is 1.1:1 [1]. The 5-year survival 
rate is between 60% and 75% (1.3). 

AML is the most common form of acute leukaemia in adults. The incidence rises 
with increasing age to 12.2 cases per 100,000 aged >65 years. Despite improve- 
ments in the chances of recovery in younger patients and in prognostically favour- 
able subgroups, the prognosis in older patients remains unfavourable [4]. 


Treatment Concepts 


General Information 


Chemotherapy consists of several cycles that last for a few weeks to months. The 
goal of induction therapy is complete remission, i.e. complete regression of dis- 
eased, altered cells in the blood. This includes the elimination of minimal residual 
disease (MRD), which can be measured with sensitive methods in the bone marrow 
and/or peripheral blood and represents a relevant prognostic factor. 

The initial intensive induction therapy is carried out in hospital as an in-patient 
and is usually followed by a 1-year consolidation therapy. For an optimal course of 
therapy, it is important that the period of time between the chemotherapy cycles is 
as short as possible. 

The choice of appropriate consolidation therapy depends on the patient’s general 
condition and the risk of relapse. In general, there are three options for consolida- 
tion: further intensive chemotherapy, rarely transplantation with autologous stem 
cells or allogeneic stem cell transplantation. Stem cell transplantation is an impor- 
tant alternative to chemotherapy, especially for patients with genetic changes or 
other characteristics that can increase the risk of relapse. 


Acute Lymphoblastic Leukaemia 


Chemotherapy to treat ALL should be started quickly after diagnosis and is carried 
out risk-adapted with tested treatment elements. The intensity of the treatment 
depends on the initially diagnosed genetic markers and the MRD [5] measured at 
defined times during treatment (day 33, 76 and 96 in children’s ALL or before and 
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after consolidation in adult ALL). How intensive, and thus also how gonadotoxic 
the therapy will be, is therefore only decided during the course of the first weeks and 
possibly only months after the start of treatment. 

Allogeneic stem cell transplantation during the first remission is only carried out 
in a subgroup of patients with unfavourable prognostic factors, e.g. in patients with 
inadequate response to treatment. Depending on the study protocol, the probability 
of stem cell transplantation is 4-5% [6] for children's ALL and up to 50% for adults. 
For patients in first remission and with a clearly increased risk of recurrence, allo- 
geneic stem cell transplantation is indicated if there is a matched sibling donor 
(HLA), or if there is a well-matched related or unrelated donor (matched donor). 
Paediatric patients with relapsed ALL and an unfavourable risk profile or an inade- 
quate response to re-induction therapy (defined by the MRD level) also have an 
indication for allogeneic stem cell transplantation [6, 7]. In adult ALL, there is 
always an indication for bone marrow transplantation after a relapse. 

Cranial radiotherapy is only intended for a very small group of paediatric patients 
whose indication for radiotherapy is defined in the respective treatment protocol. It 
occurs in 12-1646 of cases [8]. In adult ALL, cranial radiotherapy is currently still 
the standard procedure for the prevention of relapses in the central nervous sys- 
tem (CNS). 


Acute Myeloid Leukaemia 


Polychemotherapy consists of various therapeutic elements administered over a 
period of 4-6 months. Cranial radiotherapy is no longer performed in CNS-negative 
paediatric patients [9]. The indication for allogeneic stem cell transplantation dur- 
ing first remission only exists in patients with unfavourable prognosis or inadequate 
treatment response [10] and is reported in 6-9% of cases [3]. As with ALL, stem 
cell transplantation is more common in adults. 


Gonadotoxicity of the Treatments 
Acute Lymphoblastic Leukaemia 


Treatment of ALL consists of four different elements, induction therapy with subse- 
quent induction consolidation, an extra compartment therapy, followed by reinduc- 
tion therapy (Table 1). In principle, the therapeutic procedure is comparable to adult 
ALL, whereby individual therapeutic elements differ in time and the treatment is 
continued after reinduction therapy with further consolidation blocks. Individual 
substances are administered both as low-dose i.v. injections and as high-dose con- 
tinuous infusions. After the intensive chemotherapy phase, maintenance therapy is 
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Table 1 Important cytotoxic agents in ALL treatment (modified according to [7] in children 
and adults) 


Treatment element Cytotoxic agent (choice) 

I. Induction therapy (5-9 weeks) with | Prednisone or dexamethasone, vincristine, daunorubicin, 

subsequent induction consolidation asparaginase, cyclophosphamide, cytarabine, 

(4-12 weeks) 6-mercatopurine, etoposide, thioguanine 

IIa. Extra compartment therapy 6-mercaptopurine, methotrexate 

(4-8 weeks) 

IIb. Consolidation therapy in adults Methotrexate, cytarabine, etoposide, vindesine, 

(4-10 weeks) dexamethasone, asparaginase, 6-mercaptopurine 

III. Reinduction therapy (7 weeks) Dexamethasone or prednisone, asparaginase, 
doxorubicin, vincristine, cytarabine, cyclophosphamide, 
thioguanine 

IV. Maintenance therapy | 6-Mercatopurine, methotrexate 


The terminology and treatment durations in this table refer to German study groups. The ALL- 
BFM studies (Berlin—Frankfurt—Miinster study group on the treatment of children and adolescents 
with ALL), CoALL (Treatment protocol of the Society for Paediatric Oncology and Haematology 
for the treatment of children with ALL) and GMALL German Multicentre Study Group for 
adult ALL 


given for 2-2.5 years after diagnosis. The individual components of the various 
treatment elements are listed in Table 1. 


Acute Myeloid Leukaemia 


Induction therapy consists of an intensive cytotoxic treatment, which leads to long- 
lasting aplasia. Usually, three cytotoxic drugs are combined: an anthracycline (ida- 
rubicin, liposomal daunorubicin or daunorubicin), cytarabine (ARA-C) and 
etoposide in childhood AML, if necessary. The other three to four chemotherapy 
cycles are of similar intensity, and the same cytotoxic drugs are usually used. An 
intensification with one or more high-dose cytarabine cycles is considered standard 
in paediatric AML and may also be used in adult AML. The importance of mainte- 
nance therapy is internationally controversial. In paediatric AML-BFM studies, 
maintenance therapy for up to a total duration of 1.5 years is given with the drugs 
6-thioguanine (daily) and cytarabine (every 4 weeks). 

The risk of infertility after ALL or AML treatment depends largely on the need 
for allogeneic stem cell transplantation (Table 2). 

Patients treated with a conventional treatment protocol without stem cell trans- 
plantation have a low risk of reduced fertility, which strictly speaking does not require 
fertility-preservation therapy [11]. However, since it is unclear whether a highly 
gonadotoxic treatment will follow, cryopreservation of sperm is recommended for 
men, as this is easy to perform and cryopreservation after chemotherapy is only pos- 
sible again at intervals of approx. 6 months. Some centres also recommend the 
administration of GnRH agonists, despite the low toxicity of the first chemotherapy. 
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Table 2 Gonadotoxicity of various chemotherapy elements for the treatment of ALL and AML 


Risk if infertility | Treatment concept 


Low risk (<20%) | AML-typical treatment (anthracycline/cytarabine) 
 ALL-typical treatment (multi-agent) 


‘High risk (>80%) | Myeloablative conditioning protocols with high dose cyclophosphamide, 
2 = 2 een — 
High risk (590%) | Total body irradiation, TBI: 12 Gy 


Patients with an indication for allogeneic stem cell transplantation have more 
than a 90% risk of infertility [12-14]. 

Irradiation of the central nervous system as part of ALL and AML treatment can 
lead to a treatable impairment of the hypothalamic-pituitary axis, particularly in 
paediatric patients, depending on the dose. 

The importance of new treatments such as monoclonal and bispecific antibodies, 
tyrosine kinase inhibitors and proteasome inhibitors on fertility has not yet been 
adequately investigated in studies [11]. 


Probability of Malignant Cells in the Gonads 


In untreated leukaemia, malignant cells are always found in the gonads. Even in a 
remission, it cannot be assumed with certainty that they are free of malignant cells. 

Several small studies have investigated whether malignant cells can be found in 
cryopreserved ovarian tissue (Table 3). 


Effectiveness and Risks of Fertility Preservation 


The effectiveness of sperm cryopreservation is high. Their later use leads to the 
birth of a child in about 50% of couples (see chapter “Infertility treatment after 
fertility preservation therapies”). 

After the subsequent transplantation of cryopreserved ovarian tissue, approxi- 
mately every third woman gives birth (see chapter “Infertility treatment after fertilty 
preservation therapies”). 

In leukaemia, however, it should be remembered that ovarian tissue is preserved 
only after induction chemotherapy. In principle, it is also possible to preserve ovar- 
ian tissue after chemotherapy and transplant it later. For example, Poirot et al. [24] 
transplanted ovarian tissue from 22 women who had already received (usually 
milder) chemotherapy before the tissue withdrawal. Alkylating agents were admin- 
istered to 20 women. The majority of these women had been diagnosed with lym- 
phoma. After initial chemotherapy, e.g. according to the ABVD scheme, a stem cell 
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transplant was performed with prior cryopreservation of ovarian tissue. After ovar- 
ian tissue transplantation, only the duration of tissue activity was significantly 
reduced compared to women with cryopreservation without prior chemotherapy; all 
other parameters including pregnancy rates did not differ. 

Meirow et al. [25] published a series of ten women in whom ovarian tissue had 
also been removed after initial chemotherapy and later transplanted. In this study, the 
pregnancy rates did not differ from a control group without prior chemotherapy. 

The first birth after the transplantation of ovarian tissue has also been described 
in a leukaemia patient [26]. In this 19-year-old, cryopreservation of ovarian tissue 
was carried out after complete remission of AML. After extensive molecular bio- 
logical tests, the presence of malignant cells in the ovarian tissue could in all prob- 
ability be excluded. Recurrence of leukaemia did not occur after transplantation. 

It has now been proven that pregnancy after cryopreservation and transplantation 
of ovarian tissue is possible in leukaemia patients. Nevertheless, the risks of leukae- 
mia retransmission from leukaemia cells in the transplant are so high (Table 3) [27] 
that cryopreservation of ovarian tissue should only be carried out very cautiously 
and is considered highly experimental. 


Table 3 Detection of malignant cells in ovarian tissue according to various studies (modified 
according to [15]) 


Detection of Detection of 
Number of | malignant cells by molecular 
tissue histology and markers that Detection of 
samples immuno- allow a PCR malignant 
Study Disease* | examined histochemistry study cells by PCR 
Meirow CML 2 0/2 2/2 1/2 
et al. [16] 
Dolmans ALL 18 0/18 16/18 9/16 
et al. [17] 
Rosendahl | ALL, 25 0/25 8/25 6/8 
etal. [18] | AML, 
CML 
Courbiere | CML 1 01 1/1 1A 
et al. [19] 
Greve et al. | ALL, 25 — 7/25 4/7 
[20] AML, 
CML 
Dolmans ALL, 45 3/45 — — 
etal.[21] | AML, 
CML 
Zver etal. | ALL, 11 — 2/1 0/2 
[22] AML 
Soares ALL, 12 1/12 9/12 6/9 
et al. [23] | AML, 
CML 
Shapira AML 1 0/1 0/1 0/0 
et al. [15] 


“AML Acute myeloid leukaemia, ALL acute lymphoblastic leukaemia, CML chronic myeloid 
leukaemia 
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Practical Approach 


The difficulties for defining the indication for fertility-preservation therapy in acute 
leukaemia are: 


1. 


In acute leukaemia, induction chemotherapy (with little gonadotoxicity) 
must usually begin immediately, therefore fertility-preservation therapy can- 
not be started except for sperm collection and the administration of GnRH 
agonists. 


. After the start of induction chemotherapy, no oocytes and sperm can be pre- 


served within ca. 6 months after chemotherapy. 


. It is often unclear before the start of chemotherapy, and directly after induction 


chemotherapy, whether a highly gonadotoxic bone marrow transplantation will 
be required, as this decision depends on the response of the leukaemia during 
treatment. 


. If a bone marrow transplant is performed, even if there is no evidence of neoplas- 


tic cells in the blood or bone marrow, it must be assumed that malignant cells are 
still present in the gonadal tissue. Thus, the tissue can probably only be used in 
at least 10 years if it is possible to develop suitable techniques (see chapter 
“Further Fertility Preservation Techniques"). 


The following practical procedures can be derived from the above: 


If acute leukaemia is diagnosed, the man should have his sperm cryopreserved 
before starting induction chemotherapy. In women, fertility-preservation therapy 
is not possible because the available time is too short. However, despite the low 
gonadal toxicity, GnRH agonists can be considered. 

Should it become apparent that bone marrow transplantation is required as con- 
solidation therapy, cryopreservation of ovarian (see chapters “Removal of 
Ovarian Tissue” and “Transportation, Cryopreservation and Storage of Ovarian 
Tissue”) or testicular tissue (if semen collection was not possible, see chapter 
“Cryopreservation of Sperm and Testicular Tissue”) may be considered. 
However, this only makes sense if the tissue is to be used after about 10 years at 
the earliest, since the techniques required to use the tissue (e.g. isolation of the 
follicles and isolation of testicular stem cells) have not yet been sufficiently 
established (see chapter “Further Fertility Preservation Techniques”). The patient 
must also be made aware that it may never be possible to use testicular stem cells 
and that the doctor may refuse to transplant the tissue. 

Before starting bone marrow transplantation, women may receive GnRH 
agonists (see chapter “GnRH Agonists”) to reduce gonadal toxicity and the 
risk of severe uterine bleeding. However, there is no data on whether GnRH 
agonists can actually reduce the risk of premature ovarian failure during 
bone marrow transplantation. However, it has been shown that the risk of 
bleeding is lower among GnRH agonists compared to progestogens [28] (see 
Fig. 1). 
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Fig. 1 Algorithm for fertility preservation in acute leukaemia 
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Ovarian Tumours in Young Women and Impact on Fertility 


In the FertiPROTEKT network, around 1.5% of all consultations on fertility preserva- 
tion between 2007 and 2013 were initiated after the diagnosis of an ovarian tumour [1]. 

Surgery for benign ovarian tumours nowadays respects the individual impor- 
tance of a woman's fertility, and consistently protects the surrounding ovarian tissue 
if possible. In chronic diseases with benign changes to the ovaries, e.g. endometrio- 
sis, it has only been acknowledged by medical professionals in recent decades how 
important it is to preserve the surrounding ovarian tissue while sparing the primor- 
dial and primary follicles in young women. 

With malignant ovarian tumours, the individual decision regarding the surgical 
and oncological procedure is more difficult in young women who wish to have chil- 
dren. Ovarian tumours are of different biological origins and exhibit different bio- 
logical behaviour. 
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Stage-Dependent Prognosis 


Borderline Ovarian Tumours 


About 10-20% of all malignant diseases of the ovary are borderline ovarian tumours 
(BOT). The diagnosis is usually made in the early stages [2]. BOT has a very good 
prognosis compared to ovarian cancer, with 5-year survival rates of >95% in all 
stages. One-third of affected patients are younger than 40 years of age and are there- 
fore directly affected by the impairment of the ovarian reserve due to illness and 
treatment. The detection of invasive peritoneal implants is the most important prog- 
nostic factor in BOT [3]. 


Epithelial Ovarian Cancer 


Epithelial ovarian carcinoma is more common in older women, but also occurs in 
women of reproductive age. It represents the largest group of malignant ovarian 
tumours in young women (Table 1). In contrast to other gynaecological tumours, 
effective early detection is still not possible. Due to diagnosis in the higher disease 
stage, the 5-year survival rate is low and was 41% in 2013-2014. In stage FIGO I, 
however, the prognosis is excellent at over 90% [4]. 

The most important prognostic factors for ovarian cancer are the post-operative 
tumour residue and the tumour stage. Other established prognostic factors — apart 
from age and general health — are tumour grading, histological type and guideline- 
based treatment [5]. 


Malignant Germ Cell Tumours and Malignant Sex Cord 
Stromal Tumours 


Malignant germ cell tumours and malignant sex cord stromal tumours account for 
up to 10% of malignant ovarian tumours [6]. They particularly affect girls and 
young women. These malignant ovarian tumours have a much better prognosis than 
epithelial ovarian carcinoma [7]. 


Effects of Oncological Treatment on Fertility 


Version 3.0 of the German, Austrian and Swiss AWMF-S3 guideline on malignant 
ovarian tumours provides the current consensus-based recommendations for onco- 
logical treatment [5]. In principle, both the biology of the disease and the individual 
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Table 1 Characteristics of different ovarian tumours and ovarian cancer, 5-year survival rate and 
oncological treatment [3-7] 


Relative 
Ovarian Characteristics of the 5-year 
tumour disease survival rate | Oncological treatment 
Benign Ovarian tumours with No impact Excision of the tumour with 
ovarian different biological origin: | on lifetime | preservation of functional tissue of 
tumours Teratoma, endometrioma, the ovary 
mucinous or serous cystoma 
Borderline Mean age at diagnosis: FIGO stage |Fertility-sparing surgery with 
ovarian 45 years, I: surgical staging in early stages. 
tumours Incidence: 1.8-4.8/100,000 | 95-97% In later stages surgical staging with 
(BOT) women, FIGO stage | bilateral salpingo-oophorectomy, 
7-30% with bilateral III: omentectomy, multiple peritoneal 
occurrence at diagnosis 65-87% biopsies with complete 
macroscopic resection. 
Only surgical treatment, no 
chemotherapy necessary. 
Malignant 5% of malignant ovarian 85-94% Fertility-sparing surgery possible. 
germ cell tumours. Surgical staging. Chemotherapy 
tumours Diagnosis prior to age of indicated in stages > FIGO IA, 
30 yrs.: 75% of diagnosis in three cycles of platinum-based 
FIGO stage I. combination (PEB). 
High sensibility for 
chemotherapy, mostly 
unilateral occurrence 
Malignant sex | 5% of malignant ovarian Overall good | Fertility-sparing surgery possible. 
cord stromal | tumours prognosis, Surgical staging, hysteroscopy and 
tumours >95% curettage if uterus-sparing surgery 
is performed. 
Chemotherapy indicated at FIGO 
IC and higher. 
Ovarian Mean age at diagnosis: 43% all Treatment according to current 
carcinoma 70 yrs. stages guidelines: Surgery adequate to 
Detection in 20% in FIGO | UICC stage I | stage. 
stage I, 60% in FIGO stage | 89% Platinum mono-chemotherapy if 
Il; UICC stage | stage FIGO > IA GI; 
often 177% Platinum-taxane-based 
BRCA-mutation (found in | UICC stage | chemotherapy if stage FIGO II or 
20%) III 41% higher; 
UICC stage | FIGO IIIB and later stages: 
IV 17% Platinum and taxane-based 


chemotherapy plus bevacizumab; 
BRCA 1/2-mutation and FIGO III/ 
IV: Platinum-taxane combination, 
followed by maintenance therapy 
with a PARP inhibitor. 
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stage must be taken into account when choosing fertility-preservation measures in 
patients with malignant ovarian tumours. The German, Austrian and Swiss AWMF- 
S2k guideline on fertility preservation in oncological disease refers to the AWMF-S3 
guideline [8] with regard to malignant ovarian tumours. 

A recent retrospective study from Italy with 548 women with malignant ovarian 
tumours after fertility preservation and a follow-up period of about 15 years showed 
normal fertility rates of almost 90% [9] if they wished to conceive after their illness. 


Borderline Ovarian Tumours 


Despite the very good prognosis of borderline ovarian tumours in young women, 
the recommended surgical procedure basically includes the initial complete removal 
of the tumour with salpingo-oophorectomy and adequate surgical staging, since the 
post-operative tumour residue is the most important prognostic factor. The primary 
goal of surgical treatment is — as for ovarian cancer — complete resection. Staging 
includes inspection of the abdomen with peritoneal washing cytology, resection of 
all conspicuous areas and exemplary peritoneal biopsies, also from an inconspicu- 
ous peritoneum, as well as omentectomy. If the patient does not wish to have chil- 
dren, a contralateral salpingo-oophorectomy should also be performed. 

If fertility preservation is desired, conservation of the contralateral ovary or, in 
the case of bilateral involvement, of part of the ovary and the uterus is justifiable 
[10]. The AWMF-S3 guideline on malignant ovarian tumours [5] emphasises the 
necessity of staging in accordance with the guidelines in the presence of a BOT and 
the need for clarification on the increased risk of recurrence with fertility-sparing 
surgery. 


Epithelial Ovarian Cancer 


The goal of surgical treatment of ovarian cancer is the macroscopically complete 
tumour resection. Surgical treatment with longitudinal laparotomy according to 
guidelines includes bilateral salpingo-oophorectomy, hysterectomy, omentectomy, 
appendectomy in cases with invasive mucinous subtype or infiltration, peritoneal 
biopsy, and in early stages or in cases of infiltration, bilateral pelvic and paraaortic 
lymphonodectomy extending to the renal hilum. 

A fertility-preserving surgical procedure can only be chosen under certain condi- 
tions for a low-grade and unilateral tumour stage FIGO I if the patient wishes to 
have children after adequate staging. 

No adjuvant chemotherapy is indicated in patients with FIGO IA, G1. In patients 
with FIGO IA G2, IB G1-2, chemotherapy with carboplatin mono can be adminis- 
tered over six cycles (Table 2). From FIGO stage IC or IA/B G3, women should 
receive platinum-containing chemotherapy, from FIGO IB with additional 
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Table 2 Gonadotoxicity of current chemotherapy protocols for malignant ovarian tumours 


Rate of chemotherapy- 

Chemotherapy protocol Indication induced amenorrhoea 
BEP—Bleomycin, etoposide, Malignant germ cell tumours | 95%, persistent in about 
cisplatin | | 3096 [14] 
Six cycles carboplatin mono "Might": Starting from stage | Only very limited data on 

FIGO IA G2, IB/C G1-2 platinum therapy 

“Should”: FIGO IC, IA/B G3 

and higher 
Six cycles of carboplatin in Stages starting from FIGO No studies available 
combination with paclitaxel IIB, 

From FIGO IB G1/2 after 

individual decision 


paclitaxel. Additive treatment with the monoclonal antibody bevacizumab should 
be considered for advanced ovarian carcinoma from FIGO IIIB onwards, as this can 
significantly extend the progression-free interval [11]. 

A 70% reduction in the risk of recurrence after 3 years after treatment response 
to platinum/taxane chemotherapy with maintenance therapy using the PARP inhibi- 
tor olaparib was shown in a prospective, randomized, placebo-controlled phase III 
study with proven BRCAI or —2 mutation and stage III or IV [12]. New data also 
show a significantly prolonged progression-free survival in high-grade FIGO IN/IV 
ovarian cancer independent of a BRCA mutation with PARP inhibitors as mainte- 
nance therapy [13]. 


Malignant Germ Cell Tumours 


Malignant germ cell tumours are treated, if possible, with fertility-preserving meth- 
ods such as unilateral salpingo-oophorectomy, omentectomy and peritoneal biop- 
sies. Adjuvant combination chemotherapy, mostly according to the BEP scheme 
(Table 2), is recommended in patients with residual tumour or from FIGO > 
IA. Chemotherapy-induced amenorrhoea is reversible in 70%, and studies have 
described a fairly good prognosis for fertility despite the combined surgical and 
gonadotoxic reduction in the ovarian reserve [14]. 

There are no reliable studies on the gonadotoxicity of platinum-containing che- 
motherapy. However, depending on age, the gonadotoxic effect can be assumed as 
mid-range compared with other regimes of chemotherapy. 
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Malignant Sex Cord Stromal Tumours 


Hysteroscopy and fractional abrasion are recommended for patients with malignant 
sex cord stromal tumours undergoing treatment with uterus preservation, as there is 
an increased risk of endometrial hyperplasia and carcinoma. Otherwise, surgical 
treatment corresponds with that of malignant germ cell tumours. Adjuvant platinum- 
containing chemotherapy can be considered from stage FIGO IC and higher as well 
as for residual tumours. 


Effectiveness and Risks of Fertility-Preservation Therapy 


Borderline Ovarian Tumours 


Preservation of the ovaries and uterus is not associated with a great increase in risk 
in stage I borderline tumours after sufficient surgical staging, if the prognosis is 
excellent (Table 3). However, several retrospective observational studies show that 
there is an increased risk of recurrence, especially with BOT cystectomy. The 
world‘s largest multicentre retrospective study with 280 young German patients 
with BOT currently indicates an increased risk of recurrence in the remaining ovar- 
ian tissue, although the risks of BOT recurrence and invasive transformation are not 
reflected by a significant deterioration in survival rates [2]. In the event of a relapse, 
invasive epithelial ovarian carcinoma is present in up to 30% of cases. 

Fertility after BOT and ovarian preservation is limited by the surgically reduced 
ovarian reserve. However, data on pregnancies are rarely documented in registries 


Table 3 Malignant ovarian tumours and possible risks of fertility preservation 


Invasive fertility preservation 


Ovarian tumour | techniques Risks 

Borderline Fertility-sparing surgery with Overall increase in recurrence 
ovarian tumours, | preservation of uterus and ovary/ discussed, but especially after 
BOT | ovaries. cystectomy 


| After surgery, controlled ovarian 
stimulation and cryopreservation of 
| oocytes possible. 


Ovarian cancer | FIGO IA GI: Fertility sparing surgery | No elevated risk of recurrence. 
possible. If chemotherapy is necessary 
fertility-sparing surgery is not 
| possible. 
Malignant germ | Fertility-sparing surgery | Only low risk of recurrence after 
cell tumours GnRH agonist treatment during surgical staging and adequate 
chemotherapy surgery. 
No sufficient data if GnRH agonist 
treatment reduces gonadotoxicity of 


chemotherapy. 
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or longitudinal observational studies. A retrospective multicentre study from France 
showed a fertility rate of 32.3% in 65 women who wanted to have children out of an 
initial 162 women who had undergone fertility-sparing surgery with BOT [15]. 


Epithelial Ovarian Cancer 


In epithelial ovarian carcinoma, fertility-sparing surgery does not significantly 
worsen the recurrence-free interval and survival after clinical preselection of the 
patient [16]. This is shown by the 5-year survival rate in a large American cohort 
study with 825 women after fertility preservation compared to women with 
guideline-based surgery [17]. A prerequisite for this is an individual risk assess- 
ment and clarification, as well as close follow-up until birth (Table 3). Once 
family planning has been completed, complementary surgery should be 
performed. 

It is difficult to find data on pregnancies after ovarian cancer and fertility preser- 
vation. Only in recent years have oncological patients been followed up consistently 
and on a long-term basis regarding their fertility [18]. 


Hormonal Stimulation and Cryopreservation of Oocytes 


It should be noted that ovarian surgery in women with ovarian tumours generally 
reduces the ovarian reserve. This functional loss of ovarian tissue due to previous 
surgery becomes apparent when ovarian stimulation is used to obtain oocytes. 
Women with ovarian cancer received an average of 7.3 oocytes compared to 13.3 
oocytes in women with other malignancies [19]. The expected effectiveness of ovar- 
ian stimulation per stimulation cycle is therefore lower and several stimulation 
cycles may even be required (see chapter “Ovarian Stimulation to Collect Oocytes”) 
to achieve a sufficiently high chance of a live birth (see chapter “Cryopreservation 
of Unfertilized and Fertilized Oocytes”). 


Freezing of Oocytes 


IVF with controlled ovarian stimulation does not seem to increase the risk of BOT 
and ovarian cancer in previously healthy women [20]. However, it is not clear 
whether ovarian stimulation after treatment for BOT slightly increases the risk of 
relapse [21]. A recent study of 91 women with gynaecological cancer and fertility 
preservation shows the results for ovarian stimulation and pregnancy rates after 
cryopreservation of oocytes in an American centre, where 5 out of women were 
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pregnant after embryo transfer. Ovarian cancer accounted for almost half the dis- 
eases [22]. 


Freezing of Ovarian Tissue 


Ovarian cryopreservation is currently not recommended in patients with ovarian 
cancer. Due to the theoretically significantly increased risk of auto-transplantation 
of tumour cells that have remained in the removed, cryopreserved and later auto- 
transplanted tissue, the oncological risk for the patient is considered too high. 

Cryopreservation of ovarian tissue may be a therapeutic strategy if, instead of 
autotransplantation of the tissue, the still experimental techniques for the generation 
of oocytes by xenotransplantation in other species, in vitro maturation or formation 
of an artificial ovary (see chapter “Further Fertility Preservation Techniques”), are 
proven as effective and safe. However, the effectiveness of these experimental tech- 
niques cannot be assessed at present. 


GnRH Agonists 


If chemotherapy is induced in addition to fertility-sparing surgery, GnRH agonists 
(GnRHa) should be considered for protection of the ovaries. It can be assumed but it 
has not been proven that GnRHa is just as effective in women with ovarian cancer as 
in women with breast cancer (see chapters “Breast cancer" and “GnRH Agonists”). 
Impairment of the effectiveness of chemotherapy by GnRHa in patients with hormone- 
sensitive tumours is discussed, but is very unlikely [23]. 


BRCA1/2-Mutation 


A particular aspect of counselling women with ovarian cancer who wish to have 
children is the genetic predisposition in the case of a proven BRCA1/2 mutation. A 
new recommendation within the consortium of familial breast and ovarian cancer is 
that all patients with ovarian cancer up to the age of 80 years should receive genetic 
counselling and BRCA1/2 testing, even without further familial predisposition [24]. 
According to the German, Austrian, Swiss AWMF guideline “Diagnosis, Treatment 
and Aftercare of Malignant Ovarian Tumours”, women in risk constellations should 
receive genetic counselling and, if a BRCA1/2 mutation is detected, receive prophy- 
lactic bilateral salpingo-oophorectomy after family planning is complete [5]. The 
individually increased risk of ovary preservation and the risk of passing on the 
familial predisposition to one's own children should also be addressed during the 
consultation on fertility preservation. 
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If women are to be stimulated to cryopreserve oocytes after treatment for ovarian 
cancer and in the presence of aBRCA mutation, the reduced ovarian reserve from 
the BRCA mutation (see chapter “Breast cancer”) in addition to the above-men- 
tioned restriction of the ovarian reserve by surgery must also be taken into account. 


Practical Approach 


After careful selection and good risk consultation, fertility-sparing surgery can also 
be performed on women with malignant ovarian tumours. Fertility-sparing surgery 
with complete staging only appears to be sensible and oncologically safe for women 
under 40 years of age with a desire to have children who have unilateral FIGO IA 
G1 ovarian cancer or borderline ovarian tumours. 

For malignant germ cell tumours and malignant sex cord stromal tumours, this 
should be considered in combination with adjuvant chemotherapy at the appropriate 
stage. In these women, drug-assisted ovarian protection with GnRHa may be useful 
in addition to chemotherapy. 

All women must be informed that in principle, after the desire for a child has 
been fulfilled, the completion surgery should be performed. 

Figure 1 shows the procedure of fertility-preservation measures for ovarian 
tumours. 


Criteria for 
decision 


v 
| FIGO = IA G2 FIGO > IA G2 
i ] 
Fertility-sparing surgery Possibly fertility-sparing Radical surgery: 
surgery bilateral salpingo- 
Y Y oophorectomy, 
hysterectomy, 
| — e.ehemotempy- | Chemotherapy ees pali and 
v 4 paraaortic 
. lymphadenectomy 
E : No strict 
Conception with short : 
time to pregnancy. recommendation 
à j regarding fertility 
then completion of : 
preservation, 


sulgivel tiealsnetnt GnRHa possible No fertility preservation 


Fig. 1 Algorithm for fertility preservation in patients with borderline ovarian tumours (BOT) and 
ovarian cancer 
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Epidemiology of Cervical Cancer in Young Women and 
Impact on Fertility 


To date, cervical carcinoma is the second most common cancer in women world- 
wide. In the FertiPROTEKT network, approximately 1.5% of consultations were 
due to cervical cancer [1]. Approximately one in four women worldwide are under 
35 years of age at the time of initial diagnosis [2]. However, the incidence of cervi- 
cal carcinoma has been steadily declining for decades in developed countries fol- 
lowing the introduction of statutory early detection programmes. At the same time, 
malignant changes of the cervix in earlier stages are detected malginant changes of 
the cervix are detected earlier: One-third of all cervical cancers in developed coun- 
tries are currently diagnosed at FIGO stage I [3]. 

Human papillomavirus (HPV) vaccination reduces the risk of cervical cancer in 
situ and cervical cancer [4]. However, vaccine efficacy is mainly depending on the 
vaccination coverage in the population. 

In approx. 80% of cases, cervical cancer is a squamous cell carcinoma. However, 
adenocarcinoma, the histological subtype with a worse prognosis, affects young 
women in particular and is less likely to be detected by early screening [5]. 
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Stage-Dependent Prognosis 


The tumour stage is one of the most important parameters for estimating prognosis 
in cervical cancer. It has a very good prognosis in the early stages (Table 1). Other 
clear prognostic and risk factors for cervical cancer are lymph node involvement, 
lymphatic-, neoplastic vascular invasion, tumour grading, histological subtype and 
the resection margins. Patients without lymph node involvement have a 5-year sur- 
vival rate of 90%, while proven pelvic lymph node involvement reduces the rate to 
20-60%, depending on the location [5]. 


Influence of Treatments on Fertility 


Cervical Carcinoma In Situ 


Cervical carcinoma in situ does not limit fertility per se. Treatment should be per- 
formed in the way that is therapeutically appropriate. Adaptation of the cone and the 
technique, optimally with a large loop excision of the transformation zone (LLETZ), 
reduces the negative effect on the occlusive function of the cervix in subsequent 
pregnancies and thus in particular the risk of premature birth [8]. 


Cervical Cancer 


Oncological treatment for cervical carcinoma can influence female fertility in many 
ways (Fig. 1). 


Table 1 Characteristics and stage-dependent prognosis of cervical cancer, data from German 
cancer registries [6, 7] 


Diagnosis of ^  |Medianageat |Relative5 years | Median ageat ——— 
cervical cancer in | diagnosis (cervical | survival rates diagnosis (carcinoma 
2016 (n) | cancer) | (FIGO 2009) | in situ) 

Cervical | 4380 [55 years | FIGO stage I: 94% | 34 years 
cancer | FIGO stage II: | 


| 63% 
| FIGO stage III: 
| 54% 
| FIGO stage IV: 
| 23% 
| All stages: 67% 
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Simultanous bilateral 
salpingooophorectomy 
only indicated because 
of adenocarcinoma in 


higher stages Gonadotoxicity with 
Increased prenatal reduced ovarian 
risks after conization reserve due to 
and trachelectomy radiation involving the 
ovaries 


Gonadotoxicity with 
reduced ovarian 
reserve due to 
chemotherapy 


Radical hysterectomy 


Fig. 1 Impairment of fertility as a result of cervical cancer and oncological treatment 


Surgery 


In early stages of cervical cancer, surgery is primarily indicated as a curative treatment 
and is equally effective as primary combined radiochemotherapy. Cervical treatment 
and therefore fertility-preserving therapy can only be permitted in early tumour stages 
up to a maximum of FIGO IB1b/IIA1 and tumour extension <2 cm can [9, 10]. The 
following recommendations are based on the currently valid German guidelines on 
cervical cancer and fertility maintenance in oncological disease [7, 11]. The Table 2 
shows the flow chart of therapeutic decisions in young women with cervical cancer. 


e In microinvasive stage FIGO IAI with one risk factor, conisation—ideally as 
LLETZ (loop conisation) with RO resection—primarily allows fertility to be 
maintained. For FIGO IAl with L1 or FIGO IA2 and LO, a single sentinel node 
biopsy can be considered [12]. 

e In FIGO IAl with two risk factors and from FIGO IA2 with one risk factor, the 
risk of lymph node involvement increases up to 5%. From these stages on, lymph 
node staging should be performed, ideally before the decision on fertility preser- 
vation. Radical trachelectomy according to Dargent [13] as a combination of 
tumour resection and complete staging as well as permanent cerclage is a special 
example of a surgical tumour treatment that is explicitly aimed at fertility. The 
post-operative residual cervix with a functional length of < or >10 mm is the 
most important influencing parameter on later obstetric complications. Vaginal 
sonography and MRI can be used to assess the risk of preterm birth [14]. 

* Under certain conditions—no other risk factors and small tumour volume 
(tumour <2 cm)—a radical trachelectomy can also be performed to treat FIGO 
IB1 and FIGO HA1. Completion of surgery is recommended after pregnancy. 
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* Trachelectomy should not be recommended for neuroendocrine tumours or non- 
HPV-associated adenocarcinomas of the cervix. 

e The uterine corpus should no longer be preserved for FIGO > IBI cancers and 
radical hysterectomy, e.g. as total mesometrial resection (TMMR), is indicated 
[15]. The operation is performed according to the embryologically developed 
compartments and in a manner which protects the nerves. Even in the presence 
of risk factors, the TMMR treatment concept does not include adjuvant radioche- 
motherapy, only adjuvant chemotherapy. If radical hysterectomy is indicated, a 
bilateral salpingectomy should be performed, as the tubes belong to the utero- 
vaginal (Müllerian) compartment. 


Preservation of the ovaries is attempted, if possible, in cervical cancer patients. 
Even if there is evidence of adenocarcinoma, ovary preservation surgery can be 
performed in early stages after risk assessment. Various larger retrospective analy- 
ses of women with ovarian preservation and adenocarcinoma of the cervix FIGO 
stage I and II showed no significant differences in mortality [16]. Bilateral salpingo- 
oophorectomy should be considered from FIGO IB2 and adenocarcinoma onwards. 


Combined Radiochemotherapy 


If combined pelvic radiochemotherapy is necessary, the ovaries should be moved lat- 
erally and cranially outside the planned radiation field to protect the endocrine func- 
tion. However, it is now also known that transposition of the ovaries itself can lead to 
a reduction in the ovarian reserve [17]. The gonadotoxic effect of pelvic radiotherapy 
depends on the total dose and the local dose calculated in the ovarian area, as well as 
the age of the woman during radiotherapy. At the age of 30, the radiation dose at 
which 97.596 of treated women experience complete ovarian failure (sterilisation) is 
14.3 Gy [18] (see chapter "Indications for and Against Fertility Preservation", 
Table 1). If the uterus is preserved and radiotherapy is performed, the uterus is no 
longer compatible with a later pregnancy. A uterine transplantation (see chapter 
"Further Fertility Preservation Techniques") would then be an experimental approach, 
but it is particularly difficult in women who have previously undergone surgery and 
involves additional risks from the necessary immunosuppression [19]. 

Combined radiochemotherapy typically uses platinum-containing regimens for 
sensitisation to enhance the efficacy. Nevertheless, the gonadotoxic effect increases 
with the simultaneous irradiation of the pelvis. 


Neoadjuvant Chemotherapy 


Currently, neoadjuvant chemotherapy is only given in individual cases to enable 
uterus preservation after downstaging [20]. Ovarian tissue can be removed during 
laparoscopic lymph node staging [21] before the start of chemotherapy. However, 
this must be regarded as an experimental procedure. 
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In higher stages, active fertility preservation is not possible and endangers onco- 
logical safety. 


Effectiveness and Risks of Fertility Preservation Therapy 


Fertility-preservation therapy for cervical cancer is essentially limited to therapy 
which preserves the ovaries and uterine corpus. Although it is possible to carry out 
the fertility preservation measures listed in Table 2, these are often associated with 
considerable risks due to the increased probability of recurrence. 

Metastasis of early cervical cancer into the ovaries is rare and is more likely 
to be found in the presence of risk factors such as deep infiltration and involve- 
ment of the uterine corpus. Nevertheless, adenocarcinoma in young women in 
particular is associated with an increased risk of ovarian metastasis [22]. This 
risk must be especially pointed out for adenocarcinoma with each ovarian 
preservation and cryopreservation. A meta-analysis of studies on cryopreserved 
ovarian tissue has not yet found an increased risk in women with cervical cancer, 
but the statement is limited due to the small number of cases and histological 
significance [23]. 

Other possible risks, which must be discussed individually with the patient as 
well as with the interdisciplinary teams (gynaecology oncology, radiotherapy and 
reproductive medicine), are shown in Table 2. 

Conisation and trachelectomy can be performed as uterus-preserving and thus 
primarily fertility-preserving measures. 

There have been several international studies in the past 15 years with higher 
case numbers which describe the oncological outcome and onset of pregnancy after 
trachelectomy. Recurrence rates after trachelectomy are reported to be <5% accord- 
ing to a Canadian publication [24]. However, the risk of recurrence after trachelec- 
tomy increases to 11% in women with primary tumours >2 cm. Pregnancies after 
trachelectomy are possible, and according to this analysis of more than 1200 treated 


Table 2 Possible risks of fertility preservation for women with cervical cancer 


Suggested Options for fertility 
oncological treatment | preservation Possible risks 
Radical hysterectomy | Preservation of Reduced oncological safety 
uterus Increased risk of recurrence 
Cervical conisation | Obstetric risk after conisation and especially 
Trachelectomy trachelectomy with increased risk of miscarriage 
| and preterm birth 
Bilateral Preservation of the | Risk of ovarian metastasis (especially in 
salpingo- ovary adenocarcinoma) 
oophorectomy | | 
Pelvic radiotherapy | Transposition of the | Alteration of ovarian function 
ovaries Chronic pain 
Chemotherapy | Freezing of ovarian | Transplantation of ovarian metastasis (especially 
tissue | in adenocarcinoma) 
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women, resulted in a live birth rate of 66.7%. A French study [25] also gives a com- 
parable live birth rate after trachelectomy (70%) with a high proportion of prema- 
ture births (38%). 


Practical Approach 


For women with a desire to have children and newly diagnosed early cervical carci- 
noma FIGO IA] with risk factors, or up to IA2 without risk factors, fertility- 
preserving surgery with conisation is possible. Radical trachelectomy and ovarian 
preservation can be performed up to FIGO IB1 and FIGO HAI < 2 cm without risk 
factors. An increased risk of recurrence must be assessed in each individual case. 
The ovaries can be moved laterally prior to planned radiotherapy to maintain endo- 
crine function. 

If the ovarian reserve can be preserved in cervical cancer (possibly also by cryo- 
preservation of ovarian tissue) but not the uterus, or if radiotherapy is required, there 
is theoretically—although not in Germany—the possibility of surrogacy. However, 
because of its ethical implications against legal regulations in many countries of the 
world, surrogate motherhood must be discussed in detail with the patient or 
the couple. 

Experimental transplantation of the uterus (see chapter “Further Fertility 
Preservation Techniques”) has also been reported [26, 27]. Also controversially dis- 
cussed and classified as experimental is neoadjuvant chemotherapy for cervical can- 
cer in higher stages, which should enable fertility-preserving surgery after 
downstaging (Fig. 2). 


Criteria for 
decision 
| | 
Ca in situ; FIGO IA1-IA2 or IB1 (« 2 cm) FIGO = IB (= 2 cm) 
(surgical treatment with uterus 
preservation possible) J | 
Y Y If pelvic If bilateral 
f FIGO IA1 with < 1 radiotherapy salpingo- ; 
risk factor or FIGO E js ey d and oophorectomy h Vim 
IA2 without risk NO preservation | (adenocarcinoma y y 
factors: conization p of ovaries and FIGO > IB2) 


| | possible - 


No fertility Fertility preservation not possible, 


Trachelectomy and Transposition 


preservation 1 
of ovaries 


necessary 


surrogacy or (experimental) uterus, 
transplantation 


surgical staging 


Fig.2 Flowchart for fertility-preservation procedures in cervical carcinoma 
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Stage-Dependent Prognosis 


The tendency of postponed family planning in developed countries in combination 
with overnutrition, overweight and the earlier occurence of metabolic diseases in 
life, all these factors lead to an increase in complex endometrial hyperplasia with 
atypia and endometrial cancer, even in women of reproductive age. Untreated, 
endometrial hyperplasia without atypia results in endometrial carcinoma in about 
196 of cases and with complex atypia in about 30% [1]. 

Type I carcinoma is estrogen-dependent and has the typical risk factors that are 
also frequently associated with unfulfilled desire to have children, such as nullipar- 
ity, polycystic ovarian syndrome, diabetes mellitus, arterial hypertension and obesity. 

Although endometrial carcinoma is rarely diagnosed premenopausally, women 
under the age of 45 years account for about 6% of all patients diagnosed with endo- 
metrial carcinoma [2]. 

Young women typically have endometrioid endometrial carcinoma with a low 
tumour stage and grade and therefore a good prognosis. If the endometrioid carci- 
noma occurs in young women, a genetic predisposition for tumour development of 
the hereditary tumour syndrome HNPCC (hereditary non-polyposis colorectal car- 
cinoma or Lynch syndrome) should be offered. The estimated lifetime risk for endo- 
metrial carcinoma in women with a genetic mutation for Lynch syndrome is 40-60% 
(Table 1) [1]. 
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Table 1 Endometrial hyperplasia and endometrial carcinoma: prognosis and oncological 
treatment for women with and without fertility preservation [1, 3] 


Oncological treatment 


Prognosis according to guidelines Fertility preservation 
Hyperplasia of | Risk of Hysterectomy not No progestin treatment. Time 
endometrium | progression to necessary. to pregnancy should be as 
without atypia | endometrial Cyclic progestin treatment, | short as possible. 

cancer: 1% i.e. 10-20 mg MPA/day. 


Endometrial biopsies every 
3-6 months with 
hysteroscopy and curettage 
until pregnancy 


Atypical Risk of 100 mg MPA/day or Conception after progestin 
endometrial progression to levonorgestrel-releasing treatment, curettage without 
hyperplasia endometrial intrauterine devices, IUD. | signs of hyperplasia. Time to 
(AEH) carcinoma in Endometrial biopsies every | pregnancy should be reduced. 
complex AEH: 3-6 months with Periodic endometrial biopsies. 
30%. hysteroscopy and curettage | Completion of surgical 
Histology reveals | until pregnancy. treatment after delivery. 


invasive 
carcinoma in 


| 20-40% 
Endometrial Increased risk of | Standard treatment for If pT 1a, G1 and progesterone 
carcinoma recurrence if pTla, Gl or G2 (low-risk | sensitive: Progestin treatment, 
uterus sparing endometrial carcinoma): e.g. 250 mg MPA/day or 
surgery is Hysterectomy and bilateral | levonorgestrel-releasing 
chosen: 15% in | salpingo-oophorectomy. intrauterine device (IUD). 
all stages. In higher stages: Plus Hysteroscopy and curettage 
5-year survival | pelvic and paraaortic every 3 months for 1 year or 
rate in all stages | lymphonodectomy. until pregnancy. 
75-83%. In low-risk carcinoma: Completion of surgical 
Adjuvant treatment not treatment after delivery. 
| necessary. 


Gonadotoxicity of Treatment 


Gonadotoxic chemotherapy is not necessary at an early stage. Either progestins are 
used for drug treatment, which is not gonadotoxic, or a hysterectomy with bilateral 
salpingo-oophorectomy is performed. For endometrial carcinoma in stage FIGO 
IA, G1/2, systematic lymphadenectomy is not indicated if the lymph nodes are clin- 
ically not affected [1]. Adjuvant chemotherapy is also recommended if there is pel- 
vic and/or paraaortic lymph node involvement. The detection of lymph node 
metastases—especially macroscopically suspect lymph nodes—is particularly 
unfavourable for the prognosis of endometrial carcinoma and is staged as FIGO 
IIIc. In these women, treatment consists of a macroscopic complete resection 
including hysterectomy, bilateral salpingo-oophorectomy and systematic lympho- 
nodectomy, as well as the indication for adjuvant chemotherapy with carboplatin 
and paclitaxel. Adjuvant radiotherapy is also recommended to reduce the risk of 
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local recurrence. In advanced stages, a fertility-preserving procedure is therefore 
not feasible. 


Treatments and Effects on Fertility 


The standard treatment in endometrial hyperplasia with atypia is progestin treat- 
ment with hysteroscopic and histological follow-ups. Treatment for endometrial 
carcinoma basically includes hysterectomy and salpingo-oophorectomy. 

In early endometrial carcinoma FIGO IA, G1/G2, the prognosis after hysterec- 
tomy and bilateral salpingo-oophorectomy is excellent, with a 5-year survival rate 
of 99% [1]. In higher stages, systematic pelvic and paraaortic lymphadenectomy are 
indicated. 

Data on uterus preservation and the risks in women with endometrial carcinoma 
who have an urgent desire to have children are scarce. In principle, this approach is 
only justifiable in well-differentiated endometrioid endometrial carcinoma, FIGO 
IA, G1 with progesterone receptor detection and in stages limited to the endome- 
trium without infiltration of the myometrium. Accompanying hormone therapy with 
progestins, mostly high-dose medroxyprogesterone acetate 250 mg/day for at least 
6—9 months, is recommended [4]. Progestin treatment is associated with high remis- 
sion rates in early endometrial carcinoma; no further remissions are to be expected 
after 9 months of progestin treatment [1]. 

In recent years, several mostly retrospective studies with small case numbers 
have been published on fertility-preservation approaches with endocrine treatment 
for endometrial carcinoma FIGO IA, Gl and endometrial hyperplasia with atypia, 
which is considered a precancerous condition for endometrial carcinoma. A recent 
meta-analysis with 54 observational studies showed high birth rates of over 5096 
and low recurrence rates with progestin treatment and regular hysteroscopies with 
curettage [5]. An overview of the studies on fertility preservation in endometrial 
hyperplasia with atypia and endometrial carcinoma over the last 5 years is shown in 
Table 2. 

Due to the lack of studies with large case numbers on a standard approach, fertil- 
ity preservation in women with endometrial cancer who wish to have children is still 
an individual case decision. The following procedures are well-established if fertil- 
ity should be preserved [1, 3]: 


* Fertility preservation can be considered in well-differentiated endometrioid 
endometrial carcinoma (pTla, G1) with progesterone receptor expression. 

e Adnexal involvement or myometrial infiltration needs to be excluded. 

* Patient needs to be informed that postponing standard surgical treatment with 
curative hysterectomy is associated with risks (progression of the disease, 
metastasis). 

* Patient needs to be informed about the need for close monitoring and hysterec- 
tomy after family planning is completed. 
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Table 2 Fertility preservation in women with endometrium carcinoma (EC) or atypical 
endometrium hyperplasia (AEH) 


Study design Treatment Included women Comments 
Gonthier | Retrospective Treatment with n=32EC GI, Risk for recurrence 
et al. multi-Centre progestins. n= 111 AEH, of carcinoma after 
2015 [6] | study (France). Age < 40 years fertility 
comparison of women | preservation in 
with fertility women with EC is 
preservation (n = 32) | increased compared 
and those with to controls. 
hysterectomy Risk of recurrence 
(controls). after fertility 
preservation for 
AEH is not 
statistically 
significant. 
De Marzi | Retrospective Hysteroscopic n=3 with EC Gl, 52% complete 
et al. observational resection and n= 20 with AEH, remission after 
2015 [7] | study, no progestin treatment | Age < 45 years. 3 months, 39% 
controls (Italy). | with 160 mg MPA/ after 6 months, 
day. Median time of 
observation: 
25 months, 
7 pregnancies in 6 
women. 
Chen Retrospective Treatment with n=37ECFIGOIA |75% complete 
et al. study, no progestins for at Gl, remission after 
2015 [8] | controls least 6 months. n= 16 AEH, 6 months, 
(China). Age < 41 years. 5 years without 
recurrence: 71%, 
17 pregnancies in 
33 women. 
Pronin Prospective Treatment with n=32ECGI, 72% complete 
et al. study, no levonorgestrel-IUD | n = 38 AEH, remission in EC 
2015 [9] | controls and GnRH agonists | Age X 42 years. and 92% in AEH, 
(Russia). for at least 6 months. 8 women pregnant. 
Zhou Retrospective | Treatment with n - 19 EC GI, 84% complete 
et al. study, no progestins, n= 13 AEH, remission, 
2015 [10] | controls combined treatment | Age < 40 years. Median observation 
(China). with metformin for of 32.5 months. 


at least 12 weeks if 
HbA Ic increased. 


9 of 21 women 
pregnant, prognosis 
optimised with 
concomitant use of 
metformin. 
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Table 2 (continued) 


| Study design | Treatment | Included women | Comments 
Yang Retrospective Progestin treatment |n 2 40 EC FIGO IA, | Median duration of 
et al. study with AH | and hysteroscopy | n = 120 AEH, progestin treatment 
2019 [11] | and EC. and curettage every | Median age 32 years. | 6.7 months until 
No controls | 3 months. complete 

| (China). remission. 

| | 45% pregnancy and 

| | 2596 live birth rate. 


MEDLINE-literature search: prospective or retrospective studies with at least 20 women, 
2015-2019 


* Adequate drug treatment with progestins (medroxyprogesterone acetate or 
megestrol acetate) or a levonorgestrel-releasing intrauterine system is 
required. 

* Follow-up every 3 months with hysteroscopy and endometrial biopsy is required. 

* The shortest time to pregnancy after discontinuation of progestin therapy is 
required. Cooperation with a reproductive physician might be necessary. 

e Due to the high risk of relapse after family planning is complete, stage-adjusted 
treatment (hysterectomy and bilateral salpingo-oophorectomy) is required. 


There is an increased oncological risk from inadequate staging if hysterectomy 
and salpingo-oophorectomy are not performed. The chance of complete remission 
is 50-84%, depending on the study [1]. However, the presence of the ovaries in low 
stages of endometrioid endometrial carcinoma does not worsen the survival and 
recurrence-free interval [12]. Nevertheless, the risk of later ovarian cancer or metas- 
tasis into the ovary must be considered if the ovaries remain in young women. 
Attention is drawn to the risk of synchronous ovarian cancer with endometrial can- 
cer in young women with a genetic predisposition (HNPCC) [13]. 


Practical Approach 


Although hysterectomy is part of the standard treatment for early endometrial car- 
cinoma, temporary uterus preservation can be achieved in young women who wish 
to have a child with FIGO IA G1, early well-differentiated endometrial carcinoma 
with expression of progesterone receptors without myometrial involvement. 
Progestin treatment with medroxyprogesterone acetate (MPA) or megestrol acetate 
is usually started. Despite progestin treatment, the recurrence rate without increas- 
ing mortality is so high that a hysterectomy should be performed after pregnancy 
and birth. Close follow-up every 3 months with hysteroscopy and endometrial 
biopsy during endocrine treatment is indicated. Medication can only be discontin- 
ued after several months (preferably 12 months) of progestin treatment when the 
oncological situation is stable and the woman gets pregnant soon (Fig. 1). 
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Cyclic progestin 
treatment with 
e.g. 10-20 mg MPA 
/day. 
Hysteroscopy and 
endometrial 
biopsy after 3-6 
months. 
Then conception. 


y 


Hysteroscopy and 
curettage, staging. 
Progestin treatment 
with e.g. 250 mg MPA 
/day for 6-12 months. 
Re-evaluation with 
hysteroscopy every 3 
months. 
Then conception with 


short time to pregnancy. 
Criteria for After delivery or 
decision if recurrence 


Fig. 1 Algorithm for fertility preservation in cervical carcinoma 


Progestin treatment 
with e.g. MPA 
100 mg /day or 

levonorgestrel-IUD. 

Hysteroscopy and 

endometrial biopsy 
after 3-9 months. 

Then conception. 


Hysterectomy, staging. 
FIGO IA, G2: with 
bilateral salpingo- 

oophorectomy. 
FIGO > IA, G2: with 
pelvic and paraaortic 
lymph node sampling. 
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Stage-Dependent Prognosis 


In paediatric oncology in Germany, acute leukaemia are the most common malig- 
nant disease with 30.3%, followed by brain tumours with 23.8% and lymphomas 
with 14.3%. Less frequent are soft tissue sarcomas (5.8%), peripheral nerve cell 
tumours (5.6%), bone (5.2%), kidney (4.7%) and germ cell tumours (4.0%) [1]. 
With the implementation of therapy optimisation studies (TOS) by the German 
Society for Paediatric Oncology and Haematology (GPOH) since the 1970s, the 
survival rates for girls and boys with malignant diseases have steadily improved. 
The 15-year survival rate is currently 82% of those affected with a paediatric onco- 
logical disease that was diagnosed before the age of 15 [1]. Approximately 35,000 
former paediatric oncology patients are currently undergoing long-term follow-up 
in the German Childhood Cancer Registry [1] (Table 1). 

In the FertiPROTEKT network, children and adolescents under the age of 14 
made up 2.5% of patients that underwent counselling in 2016-2018. About a third 
of these were due to Hodgkin’s lymphoma and about a quarter due to leukaemia. 
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Table 1 Long-term survival rates and therapy protocols for the different paediatric cancers, 


including tumour stages 


International Survival rate Therapy protocols of 
Classification | Proportion the German Society 
of Childhood | 2004-2013 for Paediatric 
Cancer in Germany | 5 years | 15 years | Oncology and 
Diagnosis (ICCC-3) (%) (%) (%) Haematology (GPOH) 
Paediatric cancers in - 100 85 82 
general 
Leukaemia, I 30.3 89 86 
myeloproliferative 
diseases and 
myelodysplastic 
diseases 
Lymphoid leukaemia |I(a) 92 90 AIEOP-BFM ALL, 
ALL-BFM, Co-ALL 
Acute myeloid I(b) 13 71 AML-BFM 
leukaemia 
Chronic I(c) 96 96 CML-paed II 
myeloproliferative 
diseases 
Myelodysplastic I(d) 82 76 EWOG-MDS 2006 
syndrome and other 
myeloproliferative 
diseases 
Lymphomas and II 14.3 94 92 
reticuloendothelial 
neoplasms 
Hodgkin's lymphoma  |Il(a) 99 97 EuroNET-PHL-CI, 
HD 
Non-Hodgkin's II(b) 89 96 NHL-BFM, B-NHL 
lymphomas (except BFM, NHL-BFM 
Burkitt lymphoma) 
Burkitt lymphoma II(c) 93 92 NHL-BFM, B-NHL 
BFM, NHL-BFM 
CNS tumours II 23.8 77 71 
Ependymomas and IIl(a) 81 69 HIT, HIT-MED; 
choroid plexus tumour HIT-SKK 
Astrocytoma IIIb) 81 77 SIOP LGG, 
Intracranial and IIICe) 67 56 HIT, HIT-MED; 
intraspinal embryonal HIT-SKK 
tumours 
Other gliomas IIl(d) 46 43 HIT-GBM, HIT-HGG 
Other specified III(e) 96 91 Craniopharyngioma, 
intracranial and HIT-Endo 


intraspinal neoplasms 
(e.g. adenoma of the 
pituitary gland; 
craniopharyngioma) 
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Table 1 (continued) 


International Survival rate Therapy protocols of 
Classification | Proportion the German Society 
of Childhood | 2004-2013 for Paediatric 
Cancer in Germany | 5 years | 15 years | Oncology and 


Diagnosis (ICCC-3) (%) (%) (%) Haematology (GPOH) 


76 NB 


Neuroblastoma and 
other peripheral 
nervous cell tumours 


Malignant bone 67 Ewing-sarcoma: 

tumours Ewing, Euro EWING, 
EICESS, CESS 
Osteosarcoma: 
EURAMOS-1, COSS 

Soft tissue and other IX : 69 CWS-SoTiSaR, CWS 

extraosseous sarcomas 

Germ cell tumours X 4.0 94 93 MAHO, MAKEI 

Others (retinoblastoma, | V, VI, VII, XI | - — — Retinoblastoma 

renal tumours, Registry 

hepatoblastoma, Renal tumours: SIOP 

carcinoma) 2001/GPOH 


Hepatoblastoma: HB 


The reason for further consultations was medulloblastoma, myelodysplastic syn- 
dromes, sarcoma, neuroblastoma and astrocytoma [2]. 


Gonadotoxicity of Therapies 


In up to one-third of girls and boys, fertility is impaired after chemo- and/or radio- 
therapy [3-5], and in more than two-thirds after stem cell transplantation [6]. In 
individual cases, recovery of gonadal function is possible within a few years after 
chemo- and radiotherapy [7]. Almost all former patients wish to have their own 
child [8]. While the miscarriage rate may be somewhat higher in former patients [8], 
the rate is significantly lower than in the general population in Germany [9]. 

The risk factors for a relevant functional impairment of the gonads are described 
below. For faster orientation, the respective therapy arms of the therapy protocols 
used in paediatric oncology (TOS protocols) are also listed according to the risk of 
a relevant functional impairment of the gonads. 

If there is a high risk, fertility preservation measures are strongly recommended 
before starting gonadotoxic therapy. In principle, however, it is not always possible 
to identify the risk group to which the patient belongs before therapy. Therefore, 
fertility-preservation measures should also be considered in children and adoles- 
cents with an initial medium risk and, if necessary, can also be discussed with the 
families of patients with a lower risk. The risks of fertility-preservation measures, 
the feasibility in connection with oncological therapy, and the wishes of those 
affected must always be taken into account. 

The following tables describe therapies with a high (red), a medium (yellow) and 
a low risk (green) for gonadotoxicity. 
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Table 2 Therapies associated with a high risk of gonadotoxicity 


Table 3 Chemotherapeutic 
agents and doses associated 
with a medium risk of 

gonadotoxicity [11, 14, 15] 


Classification According to Therapy and Study Protocols 


Patients who have undergone haematopoietic stem cell transplantation where busul- 
fan or total body irradiation (TBI) was used for conditioning therapy have a high 
risk of fertility problems later in life. Local pelvic irradiation is also highly gonado- 
toxic [6, 7, 10-12] (Table 2): 

The following chemotherapeutic agents present a medium risk of a fertility dis- 
order later in life [6, 7, 10, 11, 13-15] (Table 3): 

The chemotherapeutic agents listed in Table 3 are used in the appropriate doses 
in the following TOS protocols and study arms (for associated diagnoses, see Tables 
1 and 4): 

Patients who receive therapy according to the TOS protocols shown in Table 5 
are at low risk: 


Classification According to Patient Factors and Treatments 


Treatment at prepubertal age is associated with a lower risk of later fertility impair- 
ment in girls and boys [10]. In cases of prepubertal radiotherapy to the pituitary— 
hypothalamic axis in girls, a deviation in the age at menarche in the sense of both 
precocious puberty (for treatment see [19]) and delayed puberty is possible (for 


- 
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Table 4 Therapy optimization trials (TOS)—protocols and study arms that include 
chemotherapeutic agents in doses associated with a medium risk of gonadotoxicity 


CWS-SoTiSaR: RMS subgroup C1, D-H; other “RMS-like”, *non-RMS-like" in HR, metastatic 
STS; CWS 02: SR B, HR; 96: SR, HR; 91: SR, HR HR; 86; 81 

EURAMOS-1: MAPIE; COSS 96: HR; 91: IOR; 86: LRV-VI, HR 

Ewing 2008; Euro EWING 99; EICESS 92; CESS 86; 81 

HB 1999: HB III SD/PD, IV PR; HCC: IM/IV PR 


EuroNET-PHL-C1: TG2 + 3 random 07-11; HD 2002 Pilot TG3, HD 95: TG3; 90: TG3; 82: 
TG3 


HIT 2000: HIT2000-AB4, HIT2000-BIS4 -RT; MET-HIT2000-BIS4 CR/PR, P-HIT2000-AB4, 
P-HIT2000-BISA-RT; E-HIT2000-AB4, E-HIT2000-BIS4 -RT 


NB 2004: MR <6 M, HR; 97: HR + Mega, HR + DT <6 M; 90: RG2 + 3 A/B-CR, RG3 C-D + 4; 
82: II + LK, IV 

SIOP LGG 2004: standard/intensified induction therapy; 96 

SIOP 2001/GPOH: II-IV + HR; 93-01: I-V + HR, IV Non-CR 


Table 5 Therapy optimization trials (TOS)—protocols and study arms that include 
chemotherapeutic agents in doses associated with a low risk of gonadotoxicity 


treatment see [19]), although the majority of the former patients examined have a 
normal age at menarche after chemo- and/or radiotherapy [20]. 

A deficiency in GnRH or of FSH and/or LH can occur in patients after radio- 
therapy to the hypothalamus-pituitary axis with a pituitary dose >30 Gy, leading to 
a functional disorder of the gonads in the sense of a hypogonadotropic hypogonad- 
ism [3, 21]. This can be treated with hormone replacement therapy, even after a 
prolonged period (for treatment see [22]). Androgen deficiency has also been 


98 M. Balcerek et al. 


Table 6 Relevant risk factors for hypogonadism following cancer treatment in childhood 
(modified according to [16]) 


Patient-related factors 


Cancer-induced | for increased risk for Therapy-related factors in which fertility 
dysfunctions dysfunctions protection is recommended 

Ovaries: Age >12 years, Bilateral tumours of the ovaries 

Sterility, postpubertal [4] Therapy with alkylating agents [10, 11] 
endocrine Irradiation involving the ovaries [17] (also see 
dysfunction chapter “Indications for and Against Fertility 


Preservation"): 210-15 Gy (prepubertal), 
>5-10 Gy (postpubertal) 


Testicles: Young age, prepubertal | Testicular carcinoma with unilateral orchiectomy 

Endocrine Therapy with alkylating agents 

dysfunction Irradiation to the testicles: Relevant dysfunctions: 
>20 Gy (prepubertal) and 30 Gy (postpubertal) 

Testicles: Postpubertal [4] Testicular carcinoma with orchiectomy 

Sterility Therapy with alkylating agents [10, 13] 


Irradiation to the testicles (also see chapter 
“Indications for and Against Fertility 
Preservation"): 22 Gy; potentially reversible: 
| «1.5 Gy; irreversible 24 Gy [18] 


described after high-dose administration of procarbazine and after testicular irradia- 
tion with 220 Gy [23]. 

Damage to the uterus can occur after abdominal radiotherapy with more than 
14 Gy, leading to an increased probability of pregnancy complications such as mis- 
carriage, premature birth, low birth weight and increased perinatal mortality [3, 14, 
24] (see also chapter "Pregnancy After Chemotherapy and Radiation of the Pelvis") 
(Table 6). 


Probability of Gonadal Metastasis 


The risk of gonadal metastasis in children and adolescents must always be given 
special consideration. For example, the risk of malignant cells in the gonads is high 
in systemic diseases such as leukaemia and blastic- and Burkitt's lymphoma [24, 
25]. In 99 post-mortems of children with leukaemia, Kamiyama et al. [24] found 
testicular infiltration in 49% and ovarian infiltration in 58%. Reid et al. [25] autop- 
sied patients with leukaemia and lymphoma and found testicular infiltration in 
42/65 (6596) of cases and ovarian infiltration in 20/31 (6696) of cases. However, 
gonadal metastases have also been described in solid tumours such as neuroblas- 
toma, rhabdomyosarcoma, Ewing's sarcoma and carcinomas. The most frequent 
gonadal metastases are found in neuroblastoma and among sarcomas in 
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rhabdomyosarcoma [26-28]. Further data on the risk of gonadal metastasis in adults 
can be found in chapter “Removal of ovarian tissue” and in the review by Basting 
et al. [28]. 

Due to potential gonadal metastasis, retransplantation of cryopreserved gonadal 
tissue is not possible in many cases. Patients and their parents must be informed 
about this before tissue is removed. Techniques are currently being developed (see 
chapter “Further Fertility Preservation Techniques”) which may also allow the tis- 
sue to be used in the event of metastasis. However, these are experimental, and it 
cannot yet be estimated whether they will be clinically useful at all, and if so, when. 


Fertility-Preservation Methods 


The fertility-preservation methods available for girls and boys before paediatric 
oncological therapy differ in whether the start of therapy is before or after puberty. 
In addition to established measures, experimental ones (especially in prepubertal 
children) are also available [20]. 


Fertility-Preservation Methods in Girls 
GnRH Agonists (see Chapter *GnRH Agonists") 


GnRH agonists are not indicated in children and their effectiveness in adolescents is 
questionable. 


Ovarian Transposition (see Chapter “Transposition of Ovaries”) 


Depending on the radiation dose (see chapter “Pregnancy After Chemotherapy and 
Radiation of the Pelvis”), transposition should be considered if the ovaries are in 
the radiation field during radiotherapy, the benefit of which is proven if the ovaries 
can be luxated far enough out of the radiation field. In addition to known complica- 
tions such as circulatory disorders and cysts in the displaced ovary, it should be 
noted that the fallopian tubes must be cut if the ovaries are transposed under the 
diaphragm, which makes in vitro fertilisation necessary at a later date. It must also 
be pointed out that, depending on the radiation dose, simultaneous irradiation may 
result in increased pregnancy risks or even make pregnancy impossible due to dam- 
age to the uterus (see chapter “Pregnancy After Chemotherapy and Radiation of the 
Pelvis”). 
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Ovarian Stimulation and Freezing of Oocytes (see Chapters “Ovarian 
Stimulation to Collect Oocytes” and “Cryopreservation of Unfertilized 
and Fertilized Oocytes”) 


Due to the urgency of the oncological therapy, it is not always possible to carry out 
the hormonal stimulation required for about 14 days prior to the cryopreservation of 
oocytes. Such a measure is only feasible in adolescents with already activated fol- 
liculogenesis. It requires regular vaginal ultrasound examinations and transvaginal 
follicular puncture, which is only possible if the size of the hymenal opening allows 
such an examination. The psychological strain of vaginal manipulation must also be 
considered. 


Removal and Freezing of Ovarian Tissue (see Chapters “Removal 
of Ovarian Tissue” and “Transportation, Cryopreservation and Storage 
of Ovarian Tissue") 


Cryopreservation is possible, taking into consideration of the risks of gonadal 
metastasis (see above) and requires laparoscopy. Two case reports on puberty induc- 
tion with retransplanted ovarian tissue cryopreserved in childhood [29, 30] and the 
report on a first birth after retransplantation of ovarian tissue removed at the begin- 
ning of puberty [31] show that tissue activation is possible after retransplantation. 
Since the later pregnancy rate after retransplantation of ovarian tissue with a high 
follicle density (as is the case with children) is particularly high, this measure 
appears to be well suited for children. However, the risk of retransplantation of 
malignant cells must be considered. 


Fertility-Preservation Methods in Boys 


Cryopreservation of Sperm (see Chapter “Cryopreservation of Sperm 
and Testicular Tissue") 


Cryopreservation of sperm after puberty (ejaculation, electrostimulation, testicular 
biopsy [TESE]) as a fertility reserve for later assisted reproductive measures is pos- 
sible from the age of 13, Tanner 3 and a testicular volume of 210 mL [32]. 


Cryopreservation of Immature Testicular Tissue (see Chapter 
“Cryopreservation of Sperm and Testicular Tissue") 


The cryopreservation of immature testicular tissue surgically removed before 
puberty is still experimental. The necessary subsequent sperm maturation from the 
testicular stem cells is not yet possible in humans. Depending on the malignant 
disease, there is also a risk of retransplantation of malignant cells. 


Paediatric Cancer 101 
Practical Approach 


The risk of gonadal damage should first be evaluated using the data in section 
“Gonadotoxicity of Therapies”. As already described in this chapter, indications for 
or against a fertility preservation measure in children cannot always be clearly 
defined. However, if there is a high risk of gonadal toxicity, fertility-preservation 
measures are strongly recommended before starting gonadotoxic therapy. Fertility 
preservation should be discussed if there is a medium risk, and they can also be 
discussed if the risk is low. Young patients should be actively involved in the deci- 
sion-making process. 

The risk of a fertility disorder should be explained in detail to those affected and 
their relatives. The risks of fertility preservation methods must also be explained and 
later alternatives such as sperm and egg donation (if permitted in the country con- 
cerned) must be considered. If the pelvis is irradiated, the risks for a later pregnancy 
must be explained (see chapter “Pregnancy After Chemotherapy and Radiation of 
the Pelvis”). It is important to note that gonadotoxic treatments do not lead to an 
increased risk of malformations or non-hereditary cancer in the offspring [33-35]. 

After completion of the oncological therapy, care must be taken to ensure normal 
pubertal development. A fertility assessment should be carried out post-pubertally 
or in young adulthood at the latest. 
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Introduction 


About 40% of the women who presented to the FertiPROTEKT network for fertility 
preservation therapy in 2013-2018 were treated for breast cancer and 17% for 
Hodgkin’s lymphoma. There were also many consultations regarding non-Hodgkin’s 
lymphoma, ovarian tumours and leukaemia (approx. 4% each). The remaining 20% 
of the consultations were distributed among ca. 200 further diagnoses (Table 1). 

Part II of this book deals with illnesses which make up about 70% of consulta- 
tions. This chapter deals with all diseases and disease groups which are documented 
with a frequency of at least 1:500 and which have not already been discussed in 
detail in Part II (12% of consultations, (Tables 2—9)). Therefore, diseases from ca. 
20% of consultations cannot be described due to their wide variety. Data on these 
cases must be researched individually during a consultation. 

This chapter only deals with the diseases in tabular form. The tables can only 
give a rough orientation for the reproductive physician. Further information from 
each patient must be included and evaluated individually. 

Regarding gonadotoxicity data, the following applies as a rough guide: 


* Low: «ca. 2096: no fertility preservation therapy recommended. 
* Medium: >20%: consider/recommend fertility preservation therapy. 
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Table 1 Diseases and number of consultations in the FertiPROTEKT network during 
2013-2018 [1] 


Total number of 

consultations, n 6664 

Breast cancer, n 2695 40.4% | Chapter “Breast Cancer” 

Hodgkin's lymphoma, n 1138 17.1% | Chapter “Hodgkin’s Lymphoma" 

Ovarian tumours, n 271 4.1% | Chapter “Ovarian Tumours and Ovarian 
Cancer” 

Non-Hodgkin’s lymphoma, n | 262 3.9% |Table 2 

Acute leukaemia, n 236 3.5% | Chapter “Acute Leukaemia” 

Brain tumours, n 128 1.9% | Table 3 

Colorectal and anal cancers, 124 1.9% | Table 4 

n 

Rheumatic disease, n 97 1.6% | Chapter “Severe Autoimmune Diseases” 

Ewing’s sarcoma, n 93 1.4% | Table 5 

Osteosarcoma, n 84 1.396 | Table 6 

Benign haematological 80 1.2% | Chapter "Non-Malignant Diseases Requiring 

diseases, n Stem Cell Transplantation" 

Soft tissue including 42 0.6% |Table 7 

liposarcoma, n 

Stomach cancer, n 30 0.5% |Table 8 

Turner syndrome, n 29 0.4% | Chapter “Turner Syndrome” 

Endometriosis, n 19 0.3% | Chapter “Endometriosis” 

Endometrial cancer, n 13 0.2% | Chapter “Endometrial Hyperplasia and 
Endometrial Carcinoma” 

Other diseases, n 1323 19.9% | Not described 


Only diseases and disease groups with a consultation frequency of >1:500 (20.02%) are listed. 
The number of consultations/diseases, the relative frequency in relation to all registered consulta- 
tions and the chapters in which the illnesses are treated are shown. The diseases without chapter 
reference are outlined in tabular form in this chapter 


* High: fertility therapy urgently recommended (predominant amenorrhoea/ 
azoospermia). 


Additional reference is made to Table 2 of chapter “Removal of ovarian tissue” 
regarding the risk of ovarian metastases. 
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Recommended fertility 


Gonadotoxicity of | Risk of preservation measures 
the oncological ovarian with curative therapy 
Incidence 5-year survival rate | treatment metastasis approach 
New cases: | Classic central Medium: Possible in Women: 
ca. (highly malignant) | Chemotherapy: individual GnRH agonists, 
0.2- osteosarcoma: POI in 6/90 cases cryopreservation of 
0.3/100,000 | Treated only young women Examination | oocytes, 
surgically: [14] of ovarian cryopreservation of 
maximum 20%; tissue: ovarian tissue 
with (neo-) adjuvant Greve et al. Men: 
chemotherapy: [10]: 4 Cryopreservation of 
50-70% women: no sperm, possibly 
Parosteal tumour cryopreservation of 
osteosarcoma: detection. testicular tissue 
Low-grade Hoekmann 
malignancy in et al [6]: 7 
70-80% of cases; women: no 
80% after adequate tumour 
surgery detection. 
Table7 Soft tissue and liposarcoma 
Recommended fertility 
Gonadotoxicity of | Risk of preservation measures 
5-year survival the oncological ovarian with curative therapy 
Incidence rate treatment metastasis approach 
Soft tissue Soft tissue Primary treatment: | Possible in Women: 
sarcoma: sarcoma: surgical removal, if | individual GnRH agonists, 
ca. Stages I, IL, III: necessary cases cryopreservation of 
2—3/100,000 | 99%, 82%, 52% | additional: Examination | oocytes, 
Liposarcoma: | Liposarcoma: radio- and/or of ovarian cryopreservation of 
ca. well chemotherapy. tissue: ovarian tissue 
0.25/100,000 | differentiated: Gonadotoxicity Greve et al. Men: 
almost 100%, depends on [10]: 3 Cryopreservation of 
myxoid: 88%, chemotherapy and | women: no sperm, possibly 
poorly localisation of tumour cryopreservation of 
differentiated or | radiotherapy detection. testicular tissue 
round cell: 5096 Dolmans et al. 
[12]: 12 
women: no 
tumour 


detection 
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Table 8 Stomach cancer 


M. von Wolff and M. F. Fey 


Incidence 
11/100,000, 
tends to be in 
older age 


5-year survival 
rate 


All stages: ca. 
30% 

Early stomach 
cancer, stage I 
(limited to mucosa 
and submucosa, 
individual lymph 
node metastases 
possible): 

>80% 


Gonadotoxicity of 
the oncological 
treatment 


No gonadotoxicity: 
Stage IA as surgical 
therapy only 
Low/medium: 

Stage IB-III: 
Surgery plus (mostly 
preoperative) 
platinum-containing 
chemotherapy 


Recommended fertility 


Risk of preservation measures 

ovarian with curative therapy 

metastasis | approach 

Low: Only with good 

if stage I-III | prognosis and 
gonadotoxic 
chemotherapy: 
Women: 
GnRH agonists, 
cryopreservation of 
oocytes, 


cryopreservation of 
ovarian tissue 

Men: 
Cryopreservation of 
sperm, possibly 
cryopreservation of 
testicular tissue 


Table 9 Testicular cancer 


Incidence 


8-10/100,000 
Seminoma: 
40-55% 

Non- 
seminoma: 
45-60% 


5-year survival 
rate 


Seminoma: 

If no remote 
metastases: 90% 
If remote 
metastases: 
70-80% 
Non-seminoma: 
If no remote 
metastases 

and tumour 
markers only 
slightly elevated: 
90% 

If no remote 
metastases and 
tumour markers 
moderately 
increased: 
70-80% 

If remote 
metastases or 
tumour marker 
greatly increased: 
50%. 


Gonadotoxicity of the 
oncological treatment 


Medium: 
After chemo and/or 


radiotherapy, 207 men 
tried to father a child: 
77% successful, 5% after 
infertility treatment, 18% 
unsuccessful (female 
sterility factors not taken 


into account) [15]. 
Sperm quality often 


reduced due to illness 


Recommended fertility 
preservation measures with 
curative therapy approach 


In post pubertal males: 
Cryopreservation of sperm or in 
individual cases of testicular 
tissue (TESE) 

In prepubertal males: 
cryopreservation of testicular 
tissue with special medium for 
obtaining spermatogonia (see 
chapter “Cryopreservation of 
Sperm and Testicular Tissue") 
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Non-Malignant Diseases Requiring Stem (R) 
Cell Transplantation gete 


Andrea Jarisch and Ariane Germeyer 


Introduction 


Haematopoietic stem cell transplantation (HSCT) is an established and often the 
only curative treatment for serious haematological diseases. The number of stem 
cell transplantations for non-malignant diseases has therefore continuously 
increased over the last decades and has led to better overall survival of patients with 
congenital and acquired non-malignant diseases [1-3]. Advances in transplantation 
medicine and improved possibilities for diagnosis and thus indications for HSCT 
are responsible for this trend. With this development, topics such as quality of life 
and long-term consequences of HSCT are increasingly common, because the con- 
ditioning required for HSCT leads to infertility in 80-100% of patients, depending 
on the conditioning protocol used [4, 5]. 

Many studies highlight the importance of fertility for the quality of life of long- 
term surviving patients. The frequency of patients wishing to have a child after 
HSCT corresponds with that of the normal population [6]. Many HSCTs in patients 
with non-malignant diseases are diagnosed in early childhood, i.e. long before 
puberty. Fortunately, advances in reproductive medicine are opening new perspec- 
tives, especially for prepubertal patients, through the use of fertility-preserving 
measures [7]. An overview of the most common non-malignant diseases that can be 
treated by HSCT is shown in Table 1. 
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Table 1 Non-malignant diseases treatable by haematopoietic stem cell transplantation (HSCT) 


(modified [27]) 


Main groups of hereditary 
disorders 


Red cell disorders 


Specific hereditary disorders 


Thalassaemia major 


Sickle cell disease 


Congenital erythropoietic porphyria (CEP, Gunther’s 
disease) 


Congenital dyserythropoietic anaemia (CDA, type I and II) 


Bone marrow failure 


Pancytopenia Fanconi anaemia 
Shwachman-Diamond syndrome 
Dyskeratosis congenita 

Red cell aplasia Diamond-Blackfan anaemia 

Neutropenia Severe congenital neutropenia 


Platelet disorders 


Congenital amegakaryocytic thrombocytopenia 


Haemophagocytic conditions 


Haemophagocytic lymphohistiocytosis (HLH) 


Criscelli syndrome 
Chediak—Higashi syndrome 


Immunodeficiency 


Severe combined 
immunodeficiency (SCID) 


SCID +/- B/- T-cells 
ADA-deficient SCID 


Non-SCID immunodeficiency 
diseases 


Omenn’s syndrome 


Wiskott-Aldrich syndrome 


CD40 ligand deficiency 


Leukocyte adhesion deficiency syndrome (LAD) 


Chronic granulomatous disease (CGD) 


X-linked lymphoproliferative disease 


Metabolic disease 


Hurler syndrome 


X-linked adrenoleukodystrophy (ALD) 


Metachromatic leukodystrophy (MLD) 


Malignant infantile Osteopetrosis 


Other haematological conditions 


Severe aplastic anaemia (SAA) 


Myelodysplastic syndrome (MDS), type refractory 
cytopenia (RC) 


Treatment Gonadotoxicity 


Hematopoietic Stem Cell Transplantation 


Gonadotoxic effects of chemotherapy and radiotherapy are well known [8-10]. 
Alkylating drugs in particular lead to partial or complete damage of gonadal 
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function in both sexes, with the possible loss of germ cells or a shortened reproduc- 
tive phase in affected girls and women [10, 11]. 

The risk of infertility after HSCT depends on the underlying disease, a reduced 
ovarian reserve even before the start of treatment, previous treatments, the condi- 
tioning drugs used and the age of the patient at the time of HSCT [5, 8, 10]. 

Only 1-5% of all patients who have undergone stem cell transplantation have 
children. However, there is little published data from adults who underwent trans- 
plantation as children or adolescents [5, 10]. Some studies report higher residual 
fertility when HSCT is performed at a younger age [8]. 

Regarding the regimes used, cyclophosphamide monotherapy showed the lowest 
gonadotoxic effect [11]. However, this protocol is only used in patients with severe 
aplastic anaemia. Patients who received busulfan-based protocols or total body irra- 
diation (TBI) had a birth rate of «196 [5, 10-12]. 

Paediatric conditioning protocols are often myeloablative (87%); however, there 
is a trend to achieve conditioning with reduced intensity or toxicity (from 8% in 
2000 to 16% in 2015) [4]. These protocols are preferably used in non-malignant 
settings. Further long-term studies are necessary to prove the suspected reduced 
gonadotoxic effect of these protocols [13, 14]. Two pregnancies were recently 
reported in a woman treated with a reduced intensity protocol at the age of 
19 years [15]. 

Due to the lack of data on fertility after conditioning with reduced toxicity, all 
patients receiving HSCT after conditioning should currently be advised on fertility 
preservation measures. 


Gene Therapy 


In 2018, the first marketing authorisation application for gene therapy for patients 
with thalassaemia major was submitted to the European Medicines Agency (EMA). 
The EMA recommends approval of the new gene therapy for thalassaemia patients 
and the application is expected to be implemented in 2020. 

Immunodeficiencies, metabolic disorders and cystic fibrosis are also among the 
diseases that are potentially eligible for gene therapy. Before retransfusion of the 
autologous genetically modified stem cells, conditioning, currently mostly with 
busulfan, is necessary. These patients should also be advised on the gonadotoxic 
effect of conditioning and fertility-preserving measures should be offered. 


Advice on Fertility Preservation Measures 


In 2016, experts from the Paediatric Diseases Working Party (PDWP) of the 
European Society for Blood and Marrow Transplantation (EBMT) published rec- 
ommendations for advice and implementation of fertility-preserving measures in 
children and adolescents undergoing planned HSCT [3]. All patients of prepubertal 
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or postpubertal age should be offered advice on the options available to them for 
fertility preservation. Counselling should include information on the risk of fertility 
impairment as a result of planned HSCT in relation to the underlying disease, age, 
pre-treatment and other comorbidities. At the request of patients or their parents, an 
individualised concept for maintaining fertility should be an integral part of the 
treatments. 

During the consultation, attention should be drawn to the possibility of inheriting 
the underlying disease, especially in the case of autosomal dominant or x-linked 
inherited diseases. It is essential that patients are informed about the possible inheri- 
tance of these defective genes to their offspring, even though the disease has been 
clinically cured after HSCT. Testing of the partner and consultation prior to initiat- 
ing infertility treatment is essential. The implementation of fertility-preserving 
measures in mentally retarded patients should be discussed and considered in detail 
with the parents. 

The currently still experimental character of fertility preservation methods in 
prepubertal girls should be pointed out. However, there are now first case reports of 
successful pregnancies after retransplantation of prepubertal ovarian tissue, so that 
this method may lose its experimental character in the coming years [7]. 


Restrictions on Fertility Preservation Measures 
in Special Situations 


Patients with Thrombocytopenia/Neutropenia 


Patients who have thrombocytopenia or neutropenia due to their underlying disease 
have an increased risk of bleeding or infection when gonadal tissue or oocytes are 
removed. Preoperative preventive measures, such as necessary substitutions, should 
be taken accordingly. 


Patients with Sickle Cell Disease (SCD) 


Many patients with SCD receive hydroxycarbamide (HC) as long-term treatment. 
Hydroxycarbamide is indicated for the prevention of recurrent painful vaso- 
occlusive crises including acute chest syndrome in adults, adolescents and children 
over 2 years of age with symptomatic SCD [16]. In a randomised, placebo-controlled 
trial, the BABY HUG study has shown that hydroxycarbamide administration also 
reduces the incidence of complications in previously asymptomatic infants [17]. 
Many guidelines recommend the early use of HC. Therefore, an increased pro- 
portion of SCD patients who received previous HC before allogeneis HSCT is to be 
expected. Boys and men, regardless of whether they were treated with HC, have 
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reduced spermatogenesis. There is a current lack of prospective studies on the nega- 
tive influence of HC on fertility in girls and women [18]. However, a retrospective 
study showed a reduction in AMH concentration after HC therapy alone, and a 
negative influence on the ovarian reserve must currently be assumed [19]. 

Based on current data, it is not recommended that HC therapy be discontinued 
before fertility preservation measures are implemented, and a washout phase prior 
to conception should be considered for later transplantation of ovarian tissue 
obtained under HC therapy. Erythrocytes of patients with SCD have a shortened 
survival time and can lead to recurrent vascular occlusion crises and thromboses due 
to endothelial damage. 

Cryopreservation of oocytes (see chapter “Cryopreservation of Unfertilized and 
Fertilized Oocytes”) is an established procedure which requires hormonal stimula- 
tion (see chapter “Ovarian Stimulation to Collect Oocytes”). This can lead to com- 
plications in SCD patients, such as severe pain crises due to increased estrogen 
levels during stimulation and the occurrence of thromboses, especially acute tho- 
racic syndrome or central nervous system infarctions. Case reports on complica- 
tions after stimulation for oocyte collection have been published [20-22]. 

Some European stem cell transplant centres therefore prefer the removal and 
cryopreservation of ovarian tissue (personal communication) (see chapters 
“Removal of Ovarian Tissue” and “Transportation, Cryopreservation and Storage of 
Ovarian Tissue") as a fertility-preserving measure in pre- as well as post-pubertal 
SCD patients, in order to avoid hormonal stimulation. 

Due to the lack of data and the possible serious complications associated with 
hormonal stimulation, we recommend not using hormonal stimulation and only 
offering these patients removal of ovarian tissue. 

Recommendations regarding the perioperative procedure in SCD patients should 
be followed [23] for the removal of ovarian tissue (see chapter “Removal of Ovarian 
Tissue"). 


Patients with Iron Overload 


Patients who receive regular red blood cell transfusions may develop endocrinopa- 
thies such as primary or secondary hypogonadism as a result of transfusion-related 
iron overload. Haemosiderosis-related endocrinopathies are more common in 
patients with thalassemia than with SCD [24]. Transfusion-dependent thalassaemia 
patients have ovulation disorders and hypogonadism in 30-8096 of cases [25]. 
These changes are dependent, for example, on genotype and the start and duration 
of iron overload as a result of non-compliant chelation therapy [26]. The extent of 
iron-related damage to the pituitary gland and/or ovarian tissue can only be esti- 
mated approximately by ultrasound determination of the antral follicle count (AFC) 
and AMH concentration. If the ovarian reserve is demonstrably limited due to iron 
overload (AMH and AFC reduced), neither ovarian stimulation nor cryopreserva- 
tion of ovarian tissue is appropriate. 
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Other Patients 


Both ovarian stimulation and cryopreservation of ovarian tissue can be considered 
in all other postpubertal patients. In non-malignant situations, multiple stimulation 
cycles to achieve the desired number of cryopreserved oocytes may be possible. 


Practical Approach 


While possible fertility-preserving measures may be limited by the time frame 
available in patients with oncological diseases (e.g. myelodysplastic syndrome, 
MDS), patients with non-malignant diseases usually have sufficient time for a 
detailed consultation and implementation of fertility-preserving therapies (even 
repeated ovarian stimulation, if the underlying disease allows). An exception may 
be children with severe combined immunodeficiency (SCID) or haemophagocytic 
lymphohistiocytosis (HLH), whose diagnosis may only be made during a life- 
threatening and intensive exacerbation of the disease. In these exceptional cases, 
fertility-preserving measures should be avoided after risk assessment, but the par- 
ents should nevertheless be advised and involved in the decision-making process. 

Fertility preservation measures can often be carried out during other planned 
surgical interventions, such as the implantation of an indwelling catheter or the 
removal of an autologous bone marrow reserve (autologous back-up). 
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Severe Autoimmune Diseases A 


Check for 
updates 


Melanie Henes, Michael von Wolff, and Joerg Henes 


Indications and Prognosis 


Autoimmune diseases often affect young women of reproductive age. Approximately 
7% of all patients presenting at FertiPROTEKT network clinics suffer from benign 
diseases, which include autoimmune diseases. Of these 7% of women, about 25% 
suffer from systemic lupus erythematosus (SLE) and 8% from vasculitis [1]. 

Above all, rheumatological systemic diseases such as connective tissue diseases 
and vasculitis and also haematological or neurological diseases such as multiple 
sclerosis, despite great therapeutic progress in recent years, continue to be an indi- 
cation for the use of relatively undirected but highly immunosuppressive cytotoxic 
drugs. Cyclophosphamide (CYC) is used almost exclusively for this purpose orally 
or as intravenous pulse therapy. CYC also forms the cytotoxic central pillar for 
autologous stem cell transplantation, as the maximum therapy for immunosuppres- 
sion in autoimmune diseases. 

Diseases in which CYC therapy may be necessary: 
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* Severe organ manifestations (glomerulonephritis, alveolitis or manifestations in 
the central nervous system) in connective tissue diseases (SLE, systemic sclero- 
sis, Sjogren's syndrome, Sharp's syndrome, polymyositis or dermatomyositis) 

* Severe organ manifestations (mostly pulmonary or renal) in anti-neutrophil cyto- 
plasmic antibodies (ANCA) associated vasculitis (granulomatosis with polyangi- 
itis [formerly: Wegener’s granulomatosis], eosinophilic granulomatosis with 
polyangiitis [formerly: Churg—Strauss syndrome] or microscopic polyangiitis) 

* Treatment-refractory forms of large vascular vasculitis, whereby only Takayasu 
arteritis occurs during reproductive age 

e Autoimmune neurological diseases: e.g. multiple sclerosis 

e Non-malignant haematological diseases: e.g. immune thrombocytopenia, 
acquired haemophilia, auto-immune haemolysis 


With the exception of ANCA-associated vasculitides, these diseases usually 
peak before family planning is complete. A cure is not possible. However, by early 
diagnosis and initiation of the appropriate treatment, most patients can now be 
treated adequately on a permanent basis. As a result, their life expectancy has also 
become increasingly closer to that of the normal population, which means that the 
desire to have children and fertility preservation also plays an important role for 
these patients. 


Gonadotoxity of the Treatments 


The ovarian reserve, determined by the concentration of Anti Miillerian hormone 
(AMH), is limited in many autoimmune diseases due to the chronic disease per se 
and especially in cases of high disease activity [2-6]. For this reason, advice on 
fertility preservation should be given prior to CYC therapy, especially in autoim- 
mune diseases. 

CYC significantly increases the risk of premature ovarian insufficiency (POI) in 
autoimmune diseases. The percentages in the literature vary between 12 and 54% 
and are mainly influenced by the age of the patient at the time of therapy and the 
cumulative dose of CYC (Table 1). 

The age and dose dependency of cyclophosphamide on ovarian toxicity are 
shown in a Chinese study of 216 women and in a study by Di Mario et al., in which 
ovarian toxicity was determined by AMH concentration [6, 16] (Fig. 1). According 
to these studies, other immunosuppressive drugs used in the treatment of SLE, such 
as mycophenolate, azathioprine, prednisolone, ciclosporin, tacrolimus and hydroxy- 
chloroquine, do not lead to a significant reduction in AMH concentration [6, 16]. 
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Table 1 Studies on POI-rate after cyclophosphamide (CYC) treatment (SLE = systemic lupus 
erythematosus, GPA = granulomatosis with polyangiitis) and identified risk factor for premature 
ovarian insufficiency (POI) 


Origin of Number of POI-rate 
Study study Diseases | women (96) Risk factors identified 
Boumpas et al. USA 39 12-39 | Age, CYC dose 
1993 [7] 
Mc Dermott et al. UK 52 54 Age, CYC dose 
1996 [8] 
Mok et al. 1998 [9] | China 70 26 Age, CYC dose 
Ioannidis et al. Greece 67 31.3 Age, CYC dose disease 
2002 [10] duration 
Huong et al. 2002 | France 84 22,6 Age 
[11] 
Park et al. 2004 South 67 14,9 Age 
[12] Korea 
Singh et al. 2007 India 35 31,4 Cytochrome P450 
[13] polymorphism 
Appenzeller et al. | Canada 57 (CYC 17:5 Age, CYC dose 
2008 [14] 750 mg/m?) 0 
50 (CYC 
500 mg/m?) 
Alarfaj et al. 2014 | Saudi 188 13,1 Age, CYC dose 
[15] Arabia 
Di Mario etal. Italy 14 - Age, CYC dose 
2019 [6] 
Fig. 1 AMH serum 8 
concentration after CYC 7 
treatment in women with 
SLE is dependent on age 6 
and dose (modified = 5 O No CYC 
according to [16]) 29 à 0-5g CYC 
I M 5-10g CYC 
S 3 
< 3 B > 109 CYC 
1 
0 Bl bene € 
< 30 years > 30 years 


Age at time of evaluation 
Probability of Exacerbation of the Underlying Disease 


CYC treatment for autoimmune diseases is only indicated if there is high disease 
activity. A rapid initiation of therapy is usually necessary; however, the influence of 
fertility preservation therapy on the underlying disease must also be considered. 
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Due to the pathogenesis and gender distribution of many autoimmune diseases, 
it must be assumed that an increase in female hormones has a negative influence on 
the disease, and further exacerbation of the underlying disease can occur during 
ovarian stimulation for egg collection. Furthermore, other studies suggest that 
downregulation with a GnRH agonist has a positive effect on SLE [17]. A transfer 
of these findings to other autoimmune diseases is reasonable, but due to the rarity of 
the diseases, they have not been sufficiently and conclusively investigated. 

Overall, there are only a few studies/recommendations on fertility preservation 
specifically for autoimmune diseases [18-21]. The other recommendations are 
mostly based on findings from the treatment of SLE patients. The European League 
against Rheumatism (EULAR) also includes fertility preservation in its 2017 rec- 
ommendations [22]. 


Effectiveness and Risks of Fertility Preservation 


The ovarian reserve is often reduced in autoimmune disease. Lawrenz et al. [3] and 
Di Mario et al. [6] found a 3296 and 2996 lower AMH concentration in women with 
systemic lupus erythematosus compared to a control collective. Lower AMH con- 
centrations were also found in women with rheumatoid arthritis, Bechet's disease 
and spondyloarthritis [2], multiple sclerosis [5] and Takayasu's arteritis [4]. 
However, according to one study in lupus patients, AMH reduction appears to occur 
only in a severe form of autoimmune disease [6]. 

However, it is questionable whether the lowered AMH concentration also leads 
to fertility preservation measures being less effective. If oocytes are to be cryopre- 
served, the stimulation dose can often be adjusted. If ovarian tissue is cryopreserved, 
the AMH concentration plays a rather minor role. Important, however, is the density 
of primordial follicles, which in contrast to the AMH concentration, is not reduced 
in women with Hodgkin's lymphoma [23]. 


GnRH Agonists 


The effectiveness of GnRH agonists (GnRHa) (see chapter “GnRH Agonists”) has 
now been proven in patients with breast cancer (see chapter “Breast Cancer”). For 
autoimmune diseases only very limited data is available. However, it can be assumed 
that the data on efficacy in breast cancer can also be transferred to autoimmune 
diseases, since the risk of POI is comparable in both disease groups and the same 
cytotoxic drug is used (CYC). 

Somers et al. [24] and Koga et al. [25] treated women with lupus erythematosus 
with CYC and GnRHa and compared the POI rate with a control group without 
GnRHa. The cumulative CYC doses administered were 12.9 g and approx. 5.0 g, 
respectively. The POI rate was 5% and 6% with GnRHa therapy and 30% and 50% 
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in the control group. Further studies investigated the effect of GnRHa [26] and its 
tolerability in children with SLE based on AMH concentration [27]. 

GnRHa can therefore be considered in individual cases as a singular method if a 
higher cumulative cyclophosphamide dose is planned. 


Ovarian Stimulation 


The procedure (see chapters “Ovarian Stimulation to Collect Oocytes” and 
“Cryopreservation of Unfertilized and Fertilized Oocytes”) should be discussed 
individually if stimulation therapy for cryopreservation of fertilised or unfertilised 
eggs is to be carried out. 

In principle, two risks should be emphasised: 


1. Risk of Exacerbation of the Disease Under Stimulation 

In cases of connective tissue diseases in particular, especially SLE, stimula- 
tion can lead to a deterioration in disease activity. However, the available data are 
limited. Guballa et al. examined 17 women (10 with anti-phospholipid antibody 
syndrome (APS) and 7 with SLE) who underwent stimulation [28]. Stimulations 
with clomiphene citrate and with high-dose gonadotropins were included in the 
evaluation. No exacerbation was documented in women with APS. Women with 
SLE showed a slight exacerbation in 3/7 (43%) women in 3/16 (16%) stimula- 
tion cycles. 

2. Risk of Thrombosis 

In general, the risk of thrombosis is increased in autoimmune disease, particu- 
larly in connective tissue diseases, and especially in SLE. Antiphospholipid anti- 
bodies are found in 40% of SLE patients, depending greatly on the patient’s 
ethnicity [29-31]. The risk of thrombosis is highest in active APS and active 
SLE. According to a meta-analysis, if the serum marker “lupus anticoagulant” is 
increased, the risk of thrombosis increases by about six times, even in patients 
without SLE [32]. Other markers such as anticardiolipin antibodies, anti-B2 gly- 
coprotein antibodies, anti-prothrombin antibodies, anti-phosphatidylserine anti- 
bodies and anti-phosphatidylethanolamine antibodies were only associated with 
a slight and insignificant increase in the risk of thrombosis in this study. 

There are little data available on the risk of thrombosis during stimulation. In 
the above-mentioned study by Guballa et al. [28], none of the 17 women stimu- 
lated with clomiphene citrate or gonadotropins had a thrombosis. However, all 
women received a thrombosis protection (heparin, aspirin or corticosteroids). 

In assisted reproduction, stimulation is also possible in SLE patients with 
special caution [28, 33]. In the event of an acute worsening of the underlying 
disease with the need for therapy escalation, the basic requirements for safe stim- 
ulation are not met. Therefore, this option should only be indicated with extreme 
caution in cases of active APS or SLE. Adequate thrombosis protection, depend- 
ing on the risk profile, must be ensured [34]. 
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Cryopreservation of Ovarian Tissue 


Cryopreservation of ovarian tissue (see chapters “Removal of ovarian tissue” and 
“Transportation, cryopreservation and storage of ovarian tissue”) is a good option 
for young women under the age of 35 and up to a maximum of approximately 
40 years. Good pregnancy rates are particularly evident in women up to 35 years of 
age, and the method can also be successfully carried out in SLE patients [35, 36]. 
Since autoimmune diseases are chronic diseases, this method offers fertility preser- 
vation even if renewed CYC therapy is necessary. Due to the often reduced ovarian 
reserve, however, an adequate reserve should first be ensured by AMH measure- 
ment and determination of the AFC using ultrasound. A case report of a successful 
pregnancy in a patient with SLE after retransplantation of cryopreserved ovarian 
tissue is available [36]. 


Practical Approach 


The choice of fertility preservation methods is always an individual decision, which 
should be made in close consultation with the patient, the gynaecologists and rheu- 
matologists in charge. 

In principle, patients should be introduced to a reproductive medicine centre as 
early as possible in order to ensure the greatest possible time frame for the imple- 
mentation of fertility preservation methods. Figure 2 shows the procedure for carry- 
ing out fertility preservation measures for autoimmune diseases. 
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Decision 
criteria 
Therapy 


POI risk moderate/high 
Treatment with 
cyclophosphamide 


POI risk low 


Y 


Rather no fertility 


preservation 


Freezing of oocytes 
or ovarian tissue not Y M 
possible or not Risk of exacerbation and Ovarian reserve high 
wanted thrombosis low? enough 
Y v v 
Time frame « 1 week Time frame approx. 2 weeks Time frame 1 week 
Y Y Y 


d Freezing of oocytes Freezing of ovarian tissue 
GnRH agonists + GnRH agonists + GnRH agonists 
Fig. 2 Algorithm for fertility preservation in women with autoimmune diseases 
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Endometriosis (R) 


Check for 
updates 


Alexandra S. Kohl Schwartz, Sara Imboden, and Michael von Wolff 


Introduction 


Ten percent of women of fertile age are affected by endometriosis, and 30-50% of 
these women suffer from infertility [1, 2] Due to the chronic progression of the 
disease, there is a risk of a reduction in the ovarian reserve in these women, both 
because of the pathophysiology of the disease and because of the possible iatro- 
genic injury to the ovaries by surgical intervention. Approximately 40-50% of 
young women experience a recurrence of endometriosis before trying to become 
pregnant [3, 4]. 

Fertility preservation in endometriosis follows different principles than in malig- 
nant diseases, where there is only a short window of time available before gonado- 
toxic treatment is started. 

Fertility preservation includes carefully determining the indications for a restor- 
ative and at the same time fertility-preserving surgical intervention. The aim should 
also be to try for a pregnancy as early as possible. Fertility preservation measures in 
the sense of ovarian stimulation and cryopreservation of oocytes (see chapters 
"Ovarian Stimulation to Collect Oocytes" and “Cryopreservation of Unfertilized 
and Fertilized Oocytes") are only relevant in young women who are at risk of a 
relevant reduction in fertility because of disease progression and who do not yet 
have a current desire to have children or are not yet able to realise it. 
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Classification of Endometriosis 


rASRM Classification 


Endometriosis is divided into several stages, depending on its spread. One of the 
best-known classifications is the rASRM classification of the American Society for 
Reproductive Medicine (ASRM) (Fig. 1). Four stages are determined using a scor- 
ing system. The resulting rASRM score shows only a weak correlation with symp- 
toms such as dysmenorrhoea and dyspareunia and with the degree and risk of 
infertility [5, 6]. 

According to the rASRM classification, endometriosis is divided into the follow- 
ing four stages: 


e Stage I (minimal): 1-5 points 

* Stage II (mild): 6-15 points 

* Stage III (moderate): 16-40 points 
* Stage IV (severe): >40 points 


ENZIAN Classification 


The ENZIAN classification was developed, because the rASRM classification lacks 
the description of retroperitoneal structures in deeply infiltrating endometriosis. 
Deep-infiltrating endometriosis is often associated with infertility due to the 
restricted mobility of the pelvic organs. 

The ENZIAN classification should be seen as a complementary classification 
[8]. Analogous to an oncological TNM (tumour, node = lymph nodes, metastases) 
classification, it describes the endometriosis lesions in three different anatomical 
compartments and spatial axes and assigns a severity level to each of them. 


* Compartment A comprises the rectovaginal space, extending from the rectouter- 
ine pouch towards the vagina. 

* Compartment B describes the space lateral to the uterosacral ligaments, extending 
towards the pelvic wall. 

* Compartment C describes the area from the rectovaginal space towards the 
rectum and includes the rectum. 


Pathophysiology of Infertility in Endometriosis 


In moderate to severe stages of endometriosis anatomy is altered. The tubal uptake 
of the oocyte can be severly disturbed due to limited mobility or the closure of the 
tube(s). 
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AMERICAN SOCIETY FOR REPRODUCTIVE MEDICINE 
REVISED CLASSIFICATION OF ENDOMETRIOSIS 


Patient's Name Date 

Stage | (Minimal): 1-5 Laparoscopy. Laparotomy Photography__ 
Stage II (Mild): 6-15 Laparoscopic Treatment 

Stage III (Moderate): 16-40 

Stage IV (Severe): >40 Prognosis 

Total: 
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Additional Endometriosis: Associated Pathology: 
To Be Used with Normal To Be Used with Abnormal 
Tubes and Ovaries Tubes and Ovaries 
L R 
Se | L R 
7 v 


N N 


Fig. 1 rASRM classifications of endometriosis, describing the spread of endometriosis [7] 
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The endometriosis foci lead to an inflammatory reaction, which causes various 
fertility-relevant systems to dysfunction. Higher concentrations of inflammatory 
cytokines can be detected in the peritoneal fluid [9] as well as in the follicular 
fluid [10]. 

The peritoneal fluid which has been altered by inflammation probably influences 
sperm [11] and tube motility [12]. 

The endometrium is negatively influenced by free radicals in the peritoneal fluid 
[13-15]. In women with endometriosis, it contains increased concentrations of pro- 
inflammatory cytokines [16] and exhibits dysregulation of the progesterone recep- 
tor, which can lead to progesterone resistance [17] and thus to a reduced effect of 
progesterone on the endometrium. This may result in luteal phase dysfunction 
[18-20]. 

Ovarian function is influenced by the mechanical stretching of the ovarian cortex 
in the peripheral area of the endometrioma. Cystic fluid from the endometrioma can 
lead to an increased concentration of iron in the follicles [21, 22]. 

As a whole, these factors have a negative effect on conception and embryonic 
development [12], which is also reflected in a higher miscarriage rate in women 
with endometriosis [23]. 


Fertility Preservation Measures 
Spontaneous Pregnancy 


In patients with endometriosis, the primary goal should be pregnancy if possible, 
either spontaneously or - if necessary — with the help of reproductive medicine. The 
chances of a spontaneous pregnancy can be estimated using the Endometriosis 
Fertility Index (EFI) [31] (Fig. 2). This scoring system calculates the chance of 
pregnancy based on the functionality of the tubes and ovaries, depending on the age 
of the woman and the duration of infertility (Fig. 3). The effectiveness of this score 
has been confirmed by other groups [32]. 


Surgical Techniques 


Surgical clearance not only reduces symptoms, such as dysmenorrhoea and dyspa- 
reunia, but can also enhance fertility [33]. 

However, surgery can reduce the ovarian reserve by damaging the ovary itself 
and the surrounding tissue [28, 34]. A meta-analysis in 2015 showed that after sur- 
gery to remove endometrioma on the affected ovary, fewer oocytes were obtained 
with IVF and more stimulation cycles were discontinued (Table 1) [30]. 
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ENDOMETRIOSIS FERTILITY INDEX (EFI) 
SURGERY FORM 


LEAST FUNCTION (LF) SCORE AT CONCLUSION OF SURGERY 


Score Description Left Right 
4 = Normal Fallopian Tube 
3 = Mild Dysfunction 
2 = Moderate Dysfunction Fimbria 
1 = Severe Dysfunction 
O = Absent or Nonfunctional Ovary 
To calculate the LF score, add together the lowest score for 
the left side and the lowest score for the right side. If an ovary Lowest Score + = 


is absent on one side, the LF score is obtained by doubling the 
lowest score on the side with the ovary. 


Left Right LF Score 


ENDOMETRIOSIS FERTILITY INDEX (EFI) 


Historical Factors Surgical Factors 
Factor Description Points Factor Description Points 
i 1 
Age LF Score ____3 
If age is < 35 years 2 If LF Score = 7 to 8 (high score) 3 
If age is 36 to 39 years 1 If LF Score = 4 to 6 (moderate score) 2 
If age is 2 40 years 0 If LF Score = 1 to 3 (low score) 0 
Years Infertile AFS Endometriosis Score 
If years infertile is < 3 2 If AFS Endometriosis Lesion Score is « 16 1 
If years infertile is > 3 0 If AFS Endometriosis Lesion Score is 2 16 0 
Prior Pregnancy AFS Total Score 
If there is a history of a prior pregnancy 1 If AFS total score is « 71 al 
If there is no history of prior pregnancy 0 If AFS total score is 2 71 0 
Total Historical Factors Total Surgical Factors 
EFI = TOTAL HISTORICAL FACTORS + TOTAL SURGICAL FACTORS: + = 
Historical Surgical EFI Score 


Fig. 2 Endometriosis Fertility Index (EFI), which describes the chances of spontaneous concep- 
tion in patients with endometriosis [31] 


On the other hand, endometriomas per se cause a reduction in the ovarian reserve 
(Table 1) [21, 22], and under certain conditions, it is advisable to seek surgical 
removal. It has been suggested by individual authors and in the ESHRE guideline 
[33] that a cystectomy should be performed with an endometrioma size of >3 cm, 
also to rule out malignancy. However, in most cases, it is advisable to determine the 
indication for surgery individually. The expected surgical damage (Table 1) (reduc- 
tion in the ovarian reserve) plays a role as well, as does the potential benefit (better 
accessibility of the ovaries and follicles during follicle aspiration). The patient’s 
current pain situation must also be considered when deciding upon the indication 
for surgery. Dyspareunia per se can greatly reduce the chances of pregnancy. 
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Fig. 3 Endometriosis 
Fertility Index (EFI), 
presentation of the 
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chances depending on the 
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Table 1 Effects of ovarian endometriosis on conception 
Effect on ovarian | Effect on ovarian Effect on IVF Effect on 
function reserve treatment pregnancy rate 
Ovarian Mechanical Reduction of the For bilateral Ovulation 
endometriomas | stretching of the ovarian reserve endometrioma, occurs less 
ovarian cortex by | through bilateral aspiration of frequently in 
endometrioma endometrioma: fewer oocytes, ovaries with 
leads to increased | Lower serum AMH | but the same endometrioma 
ovarian fibrosis concentration with | pregnancy rate as | (31%; 95% CI: 
and reduced bilateral for unilateral 22-43%) [27]. 
follicle density in | endometrioma: endometrioma 
55% of cases [22], | 1.3 ng/mL (Median, | [25, 26]. 
and higher iron interquartile range: 
content in the 0.5-2.5) versus 
follicles [21]. 2.0 ng/mL (1.1-3.6) 
with unilateral 
endometrioma [24]. 
Endometriosis Reduction in serum | Higher risk of Reduced 
related ovarian AMH concentration. | poor response («4 | pregnancy rate 
surgery Meta-analysis: oocytes) with IVF 
decrease in AMH OR = 2.1; 95% treatment versus 
concentration by CI: 1.1-4. [25, healthy controls 
1.5 ng/mL (9596 CI | 26]. (OR 0.53 (9596 
1.04—2) [28]. Lower number of | CI: 0.33-0.84) 
Significantly higher | oocytes retrieved; | [30]. 


decrease after 
bilateral resection 


[29]. 


Mean difference: 
-2.37 (—3.55 to 
—1.70) [30]. 
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The surgical technique has an influence on tissue damage. To reduce the risk of 
recurrence and alleviate pain symptoms, the cyst should be carefully enucleated. If 
this is not possible, laser vaporisation is an alternative, especially in cases of bilat- 
eral involvement or ovaries which have previously been operated on. Bipolar coagu- 
lation and ovariectomy should be avoided [35, 36]. The operation should always be 
minimally invasive to prevent adhesions. This requires particular surgical expertise. 


Cryopreservation of Oocytes 


The indication for fertility preservation is given if the bilateral damage to the ovaries 
is foreseeable, if the woman wants or has to postpone her desire for children and 
still has a sufficient ovarian reserve. 

As a rule, only ovarian stimulation and cryopreservation of mature oocytes are 
pertinent as a fertility preservation measure. The cryopreservation of ovarian tissue 
is usually not relevant in endometriosis patients, since tissue removal would further 
reduce the ovarian reserve and the spontaneous chance of pregnancy after transplan- 
tation of ovarian tissue is likely to be low due to intra-abdominal adhesions. 

Data on the cryopreservation of oocytes as a fertility-protective measure in 
women with endometriosis are limited. A case study [37] was published on the 
cryopreservation of 21 oocytes which have not yet been thawed. A recently pub- 
lished case series showed data from 49 endometriosis patients and a total of 70 
cryopreservation cycles. The cohort [38] was divided into three subgroups accord- 
ing to their endometriosis phenotype: peritoneal, ovarian and deep infiltrating. The 
mean number of cryopreserved oocytes per cycle was 7.2 + 4.9 in all women. After 
surgical treatment of ovarian lesions, significantly fewer cells (on average 5.3 + 3.7 
oocytes) could be cryopreserved. 

Based on the data from egg donation therapies, problem-free cryopreservation 
and storage of the oocytes over several years can be assumed. The chances of suc- 
cess depend greatly on the number of oocytes collected and the age of the woman at 
removal, as well as on the expertise of the centre with cryopreservation [39]. Data 
on the success rate depending on the age and the number of cryopreserved oocytes 
for women without endometriosis can be found in chapter “Cryopreservation of 
Unfertilized and Fertilized Oocytes”. It should be noted, however, that the chances 
of success are likely to be lower in case of endometriosis due to the factors men- 
tioned above. 

Ovarian stimulation to create a fertility reserve only makes sense if the associ- 
ated chance of a later pregnancy is sufficiently high. The women should therefore 
be relatively young and still have a sufficient ovarian reserve. The age limit of 
35 years and an AMH > 1 ng/mL mentioned in Fig. 4 are not based on scientific 
studies but follows clinical experience. 

When determining the indication for cryopreservation of oocytes, the risks of 
this measure must be considered. Seyhan et al. [40] showed that the volume of 
endometriomas increased significantly from approx. 22—25 mL and thus by approx. 
10% in approx. 80% of cases during a stimulation cycle. The increase in size was 
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more pronounced in large endometriomas. Assuming that this increase in size is due 
to high estrogen concentrations, letrozole could be used in addition to gonadotro- 
phins (see chapter “Ovarian Stimulation to Collect Oocytes”). Kim et al. [41] 
showed that the estrogen concentration was about two-third lower with additional 
treatment with letrozole, but the oocyte count did not differ. However, it is unclear 
whether letrozole can also prevent the growth of endometriomas under stimulation. 

It should also be noted that follicle aspiration is associated with an increased risk 
of bleeding and infection due to the often-altered anatomical conditions and endo- 
metriomas [42-44]. Endometriomas should not be punctured and antibiotic therapy 
(e.g. cefuroxime 1.5 mg 3x/day i.v. or 500mg 2x/day orally for up to 4 days) should 
be considered in the event of an accidental aspiration [44]. 


Practical Approach 


The first step is to decide on the priorities of the procedure. Should the primary goal 
be spontaneous conception or a surgical intervention? Is the aim a fertility preserva- 
tion measure with cryopreservation of oocytes? It is also possible that a surgical inter- 
vention is planned primarily, but cryopreservation of oocytes is carried out beforehand, 
as the risk of surgically induced reduction of the ovarian reserve is high. 

Ovarian stimulation is performed in the same way as in classical IVF. Drug treat- 
ment for endometriosis (e.g. with 2 mg dienogest per day) can probably be contin- 
ued until 2-3 days before the start of stimulation, as dienogest has a half-life of only 
9 h [45]. Continuation of progestin administration during stimulation is not recom- 
mended, since otherwise, as with luteal phase stimulation (see chapter “Ovarian 
Stimulation to Collect Oocytes”), fewer oocytes could be obtained. 

The data regarding the benefit of a long or ultra-long agonist protocol with sev- 
eral weeks of prior downregulation is not clear [46]. Although some studies have 
described a higher birth rate with longer downregulation, this does not mean that 
this is also beneficial for the cryopreservation of oocytes. It is suspected that long 
downregulation leads to a beneficial reduction in the endometriosis-related inflam- 
matory reaction, but also to atrophy of adenomyosis, which is often associated with 
higher grade endometriosis [47]. Both are beneficial for implantation and early 
embryonic development. However, this positive effect is not relevant in the cryo- 
preservation of oocytes, as no transfer takes place. 

For ovarian stimulation the antagonist protocol in combination with ovulation 
induction with GnRH agonists should be used (see chapter “Ovarian Stimulation to 
Collect Oocytes”). This protocol reduces the risk of ovarian hyperstimulation syn- 
drome. Premature luteolysis with the associated drop in estrogen concentration 
should also be beneficial. Surgical treatment of endometriosis should be performed 
2 weeks after follicular aspiration at the earliest, i.e. after the end of the luteal phase, 
as this is when the estrogen and progesterone concentrations have fallen and the 
corpora lutea have degenerated, which should lead to a lower risk of bleeding. 
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It is unclear how many stimulation cycles should be carried out and whether they 
should follow one another directly or if there should be an endocrine therapy phase 
in between. These questions must be clarified individually, depending on the num- 
ber of oocytes obtained, the pain caused by endometriosis and the patient’s wishes. 
If the oocytes are later thawed, fertilised and an embryo transfer is carried out, luteal 
phase support is mandatory, as luteal phase dysfunction is suspected in severe endo- 
metriosis [18-20] (Figs. 4 and 5). 
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Treatment 
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of conception 
according to the 
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Unilateral endometrioma after contralateral endometrioma surgery 
Unilateral endometrioma after unilateral salpingo-oophorectomy 


Deep infiltrating endometriosis 
Low ovarian reserve: 
AMH approx. < 1ng/ml 


Ovarian stimulation and cryopreservation of oocytes 


High ovarian reserve: 
AMH approx. 2 1 ng/ml 


Fig. 4 Algorithm for fertility preservation in patients with endometriosis 
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Fig. 5 Stimulation protocol for the cryopreservation of oocytes in patients with endometriosis 
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Turner Syndrome A) 


Check for 
updates 


Andreas Schüring, Frank Nawroth, and Michael von Wolff 


Definition and Symptoms 


Turner syndrome (TS) is the name given to various symptoms caused by monosomy 
X (karyotype 45,X0) (approx. 1/3), monosomy X mosaicism (approx. 1/3) or struc- 
tural abnormality of an X chromosome (approx. 1/3) [1]. It affects about 1 in 2500 
girls [2]. The initial description was made by the paediatrician Ullrich and the gyn- 
aecologist Turner. 

The severity of the symptoms is usually greater in monosomy X than in mosa- 
icism or structural abnormality. 

Gonadal dysgenesis with greatly reduced follicular reserve and premature ovar- 
ian insufficiency (POI) as endocrine reproductive characteristics are the focus of the 
following discussion. Due to the different characteristics of the ovarian reserve in 
monosomy X compared to mosaicism and structural abnormality, a distinction will 
be made in this chapter. 
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Turner Syndrome: Monosomy X 


Clinical signs include dwarfism, pterygium colli, renal abnormalities and endocri- 
nopathies. Cardiovascular malformations result in an increased risk of aortic dissec- 
tion and rupture, associated with significantly increased morbidity and mortality. 
Due to a lack of or very low ovarian reserve, women with monosomy X are usually 
infertile. 


Turner Syndrome: Mosaicism and Structural Abnormalities 


At least 50% of TS patients have mosaicism or a structural chromosomal abnormal- 
ity. The phenotype is usually less pronounced, and women can also be classified as 
being prognostically more favourable regarding fertility and pregnancy-associated 
risks than with monosomy X [3]. 

At the same time, it is known that genotype-phenotype correlations in patients 
with TS mosaicism and structural abnormalities cannot be reliably predicted [4, 5]. 
This is due to a method-dependent diagnostic sensitivity and findings obtained in 
peripheral lymphocytes or the oral mucosa may differ from other tissues [6]. The 
occurrence of puberty despite diagnosed monosomy 45,X0 is therefore explained 
by the presence of a normal cell line in the ovary [7, 8]. Follicles in TS patients may 
contain genetically normal oocytes, but granulosa cells with monosomy X [9]. It is 
also postulated that TS patients with monosomy X, which is subject to strong intra- 
uterine genetic selection pressure, must have at least one cryptic “rescue” cell line 
that has ensured the continuation of their own pregnancy [10]. Furthermore, TS can 
be modulated by epigenetic effects which are diagnostically inaccessible to karyo- 
typing [11]. 

Due to the limited predictability of genotype-phenotype correlations, the clinical 
findings and the ovarian reserve are of central importance when considering possi- 
ble fertility preservation measures after genetic confirmation of the diagnosis. 


Risks of Pregnancy 


If fertility preservation measures are considered for a patient with TS, it must be 
noted that pregnancy in TS patients is associated with increased maternal and foetal 
morbidity and mortality (Table 1). Even with egg donation, the risk of cardiovascu- 
lar events and hypertensive complications with their consequences for the mother 
and foetus is significantly increased [12, 13]. Advice on fertility preservation mea- 
sures must therefore take into account alongside the associated risks so that the 
patient can make an informed choice. Screening to identify risk factors and close 
monitoring of the pregnancy by an interdisciplinary team of experts are necessary. 
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Table 1 Maternal and foetal pregnancy risks in patients with Turner syndrome 


Maternal risks 

e Dissection and rupture of the aorta. Risk also increased after pregnancy. 
* Hypertension 

e Preeclampsia, eclampsia, HELLP syndrome 

e Gestational diabetes 

e Hypothyroidism 

e Caesarean section 

Foetal risks 

* Miscarriage 

e Chromosomal abnormalities 

* Preterm birth due to maternal risks (see above) 


The data available on the risks depending on the genotype are limited. The geno- 
typic expression correlates with the severity of TS [1], and it can be assumed that 
this also applies to the relationship between the severity of TS and the risks of preg- 
nancy. Nevertheless, the American Society for Reproductive Medicine (ASRM), 
which classifies TS as a relative contraindication for pregnancy based on pregnancy 
outcome, does not distinguish between TS mosaicism and monosomies and consid- 
ers all patients as being at risk [14—17]. 


Aortic Dissection and Aortic Rupture 


During the volume load of pregnancy, frequent cardiovascular anomalies in TS sig- 
nificantly increase the risk of aortic dissection or rupture. The mortality risk is approx- 
imately 246 [12, 16] and is 150 times that of the normal maternal population [18]. In 
patients with a multiple pregnancy, the risk of aortic dissection increases five-fold [15]. 

The event itself and the timing of an aortic dissection or rupture cannot be pre- 
dicted. Predisposing factors besides hypertension are the frequent cardiac abnor- 
malities, especially aortic dilatation, coarctation of the aorta and bicuspid aortic 
valve [19]. The prevalence of cardiac abnormalities in TS is 25-50% [5]. In cardiac 
MRI, an aortic size index >2.0 cm/m? body surface is associated with a significantly 
increased risk [20]. Even after pregnancy, the increased risk may persist due to per- 
sistent cardiovascular damage [21]. There is no significant association between 
karyotype and cardiovascular abnormalities in TS, and screening is recommended 
regardless of genetic findings [5, 14]. 


Hypertensive Complications and Other Risks 


During pregnancy, TS patients have a greatly increased risk of hypertensive disor- 
ders along with their complications for mother and foetus. The incidence of hyper- 
tensive disorders is up to 67%. They occur as severe manifestations in more than 
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50% of these cases: preeclampsia, eclampsia and HELLP syndrome [13]. The risk 
of gestational diabetes and hypothyroidism is also increased [22]. Because of the 
physical stature, cardiovascular and hypertensive disorders and more frequent 
intrauterine growth retardation, the caesarean section rate is increased in TS 
patients [13, 15]. 


Screening, Risk Advice and Multidisciplinary Monitoring 


Every woman with TS who is considering pregnancy must be thoroughly informed 
about the associated risks. This information should be provided by: 


e Cardiologists (specializing in congenital heart disease). 
* Prenatal physician/obstetrician in a tertiary centre. 
* Human geneticists (when using own oocytes). 


The patient should be examined for additional risk factors and associated dis- 
eases before the final decision for pregnancy is made (Table 2). During pregnancy, 
close monitoring by a multidisciplinary team in a tertiary centre is required [14]. 


Foetal Chromosomal Abnormalities and Miscarriages 


Data on foetal chromosomal abnormalities and miscarriages are believed to be 
largely based on ovarian Turner mosaicism or structural abnormalities of the X 
chromosome, since women with an X monosomy are usually infertile. 

The risk of miscarriage or chromosomal abnormalities is generally increased 
[17, 23]. Interestingly, miscarriages and malformations have been described not 
only in spontaneous pregnancies but also in reproductive medicine treatments with 
donor egg cells [24]. 


Table 2 Screening before pregnancy in patients with Turner syndrome (mod. [18]) 


* Cardiologic evaluation (by cardiologist specialised in hereditary heart diseases) 
e Echocardiography 

* Electrocardiography (ECG) 

* Cardiac magnetic resonance imaging (MRI) 

* Evaluation of blood pressure 

* Thyroid function tests: TSH, free T4, Thyroid antibodies in serum 

* Glucose metabolism: Fasting glucose, HbAlc in serum; oral glucose tolerance test 
* Liver function tests: yGT, GOT, GPT in serum; liver sonography (if necessary) 
e Renal sonography 

* Renal function tests in patients with pathological sonography or hypertension 

e Vaginal sonography, hysteroscopy (if necessary) 

* PAP smear 
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A review reported 160 pregnancies in 74 women with TS. Miscarriage occurred 
in 29% of the cases, 20% had a congenital malformation and in 7% of the cases, the 
pregnancy ended fatally in the perinatal period [23]. Chromosomal abnormalities 
were found in 24% of the children of 410 TS patients who were identified using a 
cytogenetic register [25]. 

Possible causes for the frequent miscarriages in TS patients are quoted: 
Chromosomal abnormalities [26, 27], uterine malformations and hypoplastic uterus 
[28], reduced uterine blood flow [26, 29], deficits in endometrial tight junctions [30] 
and reduced endometrial receptivity due to a 21-dehydroxylase deficiency [31]. 

Due to the higher rate of foetal chromosomal abnormalities, patients with TS 
should be informed about prenatal diagnosis or preimplantation genetic testing, 
PGT [18]. Because of the reduced ovarian reserve, fewer embryos are available for 
PGT in TS, resulting in lower pregnancy rates. If the oocytes were previously cryo- 
preserved, it is likely that the number available for genetic testing will decrease 
further. 


Fertility 


The diagnosis of TS has serious consequences for fertility, which is a major chal- 
lenge for the patient [26, 32]. The available data show the presence of TS mosaicism 
and a structural abnormality as a central predictive factor for the reproductive func- 
tion of TS patients, which, if present, is usually significantly reduced. Only about 
30% of TS patients, almost exclusively those with a mosaic karyotype or structural 
abnormality of the X chromosome, show signs of pubertal development without 
endocrine therapy. Only 10-2046 reach the menarche. The delayed development of 
the uterus and ovaries was less pronounced in a longitudinal cohort of 38 TS patients 
with TS mosaicism than with TS monosomy [33]. More than 90% of the women 
with TS who conceived spontaneously or with the help of reproductive medicine 
had TS mosaicism [15, 17, 34]. About 90% of all girls with TS lose most or all germ 
cells before the end of puberty and are permanently infertile. 


Fertility Preservation Measures 


Based on the above findings on the fertility of TS patients, fertility preservation 
measures are mainly considered for patients with mosaicism or structural abnormal- 
ity of the X chromosome. Therefore, the karyotype is of central importance for the 
indication. The clinical predictive factors must also be considered in the decision 
(see Table 3), since the genetic findings in the ovary can differ from those in periph- 
eral lymphocytes or the oral mucosa [7]. 

If fertility preservation is desired, the age of the TS patient is another important 
decision criterion. It allows a better assessment of the individual prognosis, and 
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Table 3 Predictive factors for the presence of follicles in patients with Turner syndrome (mod. 


[36, 37]) 


e Mosaicism karyotype/structural abnormality of X-Chromosome 
* Spontaneous puberty 

* Spontaneous menarche 

* Normal FSH concentration 

* Normal AMH concentration 

* Normal antral follicle count (AFC) 


according to the current data, an active approach is considered, especially for 
patients from the age of 14 to 16 years. Active measures are usually not taken before 
this age. Preservation of ovarian tissue in childhood has been considered [38, 39]. 
However, due to the unclear later development of TS symptoms at this age and the 
associated pregnancy risks, as well as the lack of data on the chance of pregnancy, 
such a procedure is controversially discussed and is considered highly experimental. 

In TS patients over the age of 14-16 years, more complex fertility protection 
measures such as cryopreservation of oocytes or ovarian tissue should be indicated, 
taking into account the AMH value, menstrual cycle history and the presence of 
other predictive factors (Table 3) (decision path see Fig. 1). 

Cryopreservation of oocytes or ovarian tissue was performed as a fertility- 
preserving measure as an experimental approach in more than 150 girls and adoles- 
cents with TS [40]. Based on the available data, however, the effectiveness of the 
procedures with regard to later fertility cannot yet be assessed, as there are currently 
no reports of children being born. 


Assessment of the Ovarian Reserve 


If pregnancy is fundamentally justifiable and there is endocrine activity in the ova- 
ries, the choice of fertility preservation measure for TS depends on the individual 
ovarian reserve (Fig. 1). 

Lunding et al. [35] examined the predictive value of AMH for spontaneous 
puberty in prepubertal girls and for POI in adolescents and adults in a study of 120 
TS patients. The majority of TS patients with mosaicism had ovarian function in 
young adulthood. An AMH concentration «4 pmol/L allowed the prognosis that 
puberty will not occur or that there is a risk of POI in adolescents or adult TS 
patients. 

A Swedish group identified predictive factors for the presence of follicles using 
laparoscopy in 74 girls with TS, which may be helpful when deciding on a fertility 
preservation measure [36] (Table 3). Due to the variable genotype-phenotype asso- 
ciation of the TS, clinical markers of the ovarian reserve are of particular impor- 
tance in addition to the genetic findings. 

Therefore, complex measures with own germ cells, such as cryopreservation of 
oocytes or ovarian tissue should be justified by an AMH value well above the detec- 
tion limit, as well as the simultaneous presence of other factors that allow the pre- 
diction of the presence of follicles. 
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Cryopreservation of Oocytes 


The feasibility of oocyte cryopreservation (see chapter “Cryopreservation of 
Unfertilized and Fertilized Oocytes”) has been demonstrated [37, 39, 41]. It should 
be noted, however, that the women are mostly still young and the medical require- 
ments for cryopreservation of oocytes (transvaginal sonography) must be met in 
order to offer such a procedure. 

The question of predicting the number of oocytes retrieved cannot yet be clearly 
answered. However, it appears that, in addition to the presence of TS mosaicism or 
structural abnormality of the X chromosome, the predictive factors AMH, AFC and 
spontaneous menarche are of particular importance [37, 39, 41]. 

In a smaller case study in three TS patients with mild phenotypes, but in one case 
with monosomy X, the AFC, AMH and FSH predicted the ovarian response regard- 
less of the genetic findings [39]. However, Talaulikar et al. [41] found no correlation 
between AMH and the number of oocytes obtained. 

In collectives not affected by TS, it has been shown that depending on age, cryo- 
preservation of oocytes for fertility preservation requires at least 8-10 cells in meta- 
phase II to give the patient a realistic chance of having her own child [42]. Reaching 
this number of oocytes can be problematic in TS and may require several stimula- 
tion cycles. If one considers that due to the limited quality of the oocytes in TS, a 
significantly higher number of oocytes than in healthy individuals would probably 
make sense, the dilemma of fertility preservation in TS becomes clear. 


Cryopreservation of Ovarian Tissue 


The quantity and quality of the egg cells are also important for the later success rates 
of ovarian tissue cryopreservation (see chapter “Transportation, Cryopreservation 
and Storage of Ovarian Tissue”) [27, 36]. The ethical issues of an invasive interven- 
tion in a child who is unable to give consent and the risk of iatrogenic damage to the 
ovarian reserve as a result of surgery and possible acceleration of POI must also be 
considered. It is advantageous that menarche is not a prerequisite. 

It is recommended that if spontaneous menarche occurs, adolescent TS patients 
should be presented without delay for a fertility preservation consultation to limit 
the time-dependent loss of the ovarian reserve [39]. 

In a study of adolescent TS patients, follicles were found in 60% of the ovarian 
biopsies. In 78% of these cases, the follicle density was within the 95% confidence 
interval of a control group. However, a high proportion of abnormal follicular mor- 
phology was found [43]. 

If there is the possibility of cryopreservation of both oocytes and ovarian tissue, 
cryopreservation of oocytes is recommended. The data available on the effective- 
ness of transplantation of ovarian tissue (see chapter “Transplantation of Ovarian 
Tissue") with a low ovarian reserve are very limited. The ovarian reserve should 
therefore be higher for the cryopreservation of ovarian tissue than for the cryo- 
preservation of oocytes (Fig. 1). 
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Egg Donation with or without Surrogacy 


Egg donation is a way for TC patients to avoid the associated foetal chromosomal 
risks. However, if she carries the pregnancy herself, the obstetric risk, including 
significant cardiovascular risks, remains. 

In this respect, oocyte donation with surrogate motherhood should be considered 
as a Safer alternative. Only then can all TS-associated risks be excluded. If the 
patient prefers to carry the pregnancy to term, screening and risk counselling by 
cardiologists and prenatal physicians are necessary. 

It should be noted, however, that egg donation and/or surrogacy are prohibited by 
law in some countries such as Germany and Switzerland. 


Risks of Fertility Preservation Measures 


Despite the possible approaches to fertility preservation, it must be borne in mind 
that TS is not only a difficult entity for fertility preservation in terms of reproductive 
medicine. Realistically, patients with TS mosaicism or structural chromosomal 
abnormalities of the X chromosome are particularly suitable for procedures using 
their own oocytes. The indication should also be based on clinical predictive factors. 

TS is also associated with a high risk of morbidity and mortality for pregnant 
woman. Comprehensive education of the patient, providing differentiated informa- 
tion about the complex situation, is of great importance. In this context, it should be 
recalled that the ASRM has classified TS as a relative contraindication for pregnancy 
and recommends surrogacy [14]. Summarising the possible fertility preservation 
measures, it is clear that simple methods do not completely eliminate the risks asso- 
ciated with TS. Cryopreservation of oocytes or ovarian tissue, egg donation or sur- 
rogate motherhood with own eggs are associated with significant risks in TS patients. 
Only more complex strategies such as egg donation with surrogacy or cryopreserva- 
tion of oocytes, combined with pre-implantation diagnostics and subsequent surro- 
gacy, can safely avoid the risks associated with the syndrome (Table 4). For this 
reason, forgoing fertility-protective measures or adoption should also be discussed. 


Practical Approach 


The many aspects such as the different genotypes, the different manifestations of TS 
symptoms, the different pregnancy risks, the problem of the limited ovarian reserve 
and the mostly young age of the girls and women stand in the way of a standard 
approach when deciding on a fertility preservation measure. The overall situation 
must be discussed individually, if necessary together with the parents of the often 
underage girls. 

Therefore, the practical procedure can only be roughly outlined (Fig. 1) and the 
following points mentioned: 
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Table 4 Risks of different fertility preservation procedures in patients with Turner syndrome 
Turner syndrome associated risks 
Maternal and foetal Risk of foetal chromosomal 
Fertility preservation procedure obstetrical risks anomalies 
Freezing of ovarian tissue Risk not eliminated Risk not eliminated 
l Freezing of oocytes Risk not eliminated Risk not eliminated 
Oocyte donation Risk not eliminated Risk eliminated 
Surrogacy? with own oocytes Risk eliminated Risk not eliminated 
Surrogacy? with donor oocytes? Risk eliminated Risk eliminated 
l Freezing of oocytes, preimplantation | Risk eliminated Risk eliminated 
genetic testing (PGT), surrogacy* 
l Freezing of ovarian tissue, PGT, Risk eliminated Risk eliminated 
surrogacy? 
No procedure, adoption of children Risk eliminated Risk eliminated 


Prohibited in some countries such as Germany and Switzerland 


. A fertility preservation measure only makes sense if it can be assumed that a 
later pregnancy is possible in terms of health. 

. The first important differentiation for the prognosis is the distinction between TS 
monosomy and TS mosaic or a structural abnormality of the X chromosome. 
However, fertility preservation is — independently of this — useful if clinical pre- 
dictive factors indicate the presence of an adequate ovarian reserve. Since the 
correlation between ovarian reserve and corresponding markers varies, stimula- 
tion experiments or ovarian biopsy and histological diagnosis prior to cryo- 
preservation are possible strategies. 

. If the ovarian reserve is still preserved, it may be possible to monitor AMH 
and wait, as a preserved ovarian reserve can remain for years in young 
women [35]. 

. Cryopreservation of ovarian tissue may be preferred in a virgin. If oocytes are to 
be cryopreserved, follicle aspiration under general anaesthesia with a small vagi- 
nal probe is required. 

. With regard to ovarian stimulation, given the expected severely limited ovarian 
reserve, administration of high-dose gonadotropin as a standard approach makes 
the most sense based on current data, if there is a realistic chance of obtaining 
several oocytes from the patient [37]. In unfavourable low-responder situations, 
low-dose stimulation or aspiration during the natural cycle may be justified. 

. Pregnancies after cryopreservation of oocytes or ovarian tissue in TS patients 
have not yet been reported and the method is considered experimental [40, 44]. 
Because of the chromosomal risks associated with procedures using the patient's 
own oocytes, prenatal diagnostic procedures should be addressed, and in the case 
of an in vitro procedure, pre-implantation diagnostics. 

. The transfer of only one embryo is preferred because a multiple pregnancy 
increases the primary risk of cardiovascular complications (aortic dissection) 
fivefold [15]. The small body size of a TS patient and the resulting obstetric 
problems with a multiple pregnancy must also be considered. 
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Wish to preserve fertility. Wish to preserve fertility. 
Adolescent, young adult Adolescent, young adult 
Y 
Screening and risk counselling: AMH ca. » 1 ng/ml 
Cardiology, prenatal medicine, human 
genetics Wait for 2-3 years 
Y Y 
AMH AMH 
decreasing stable 


Y 
AMH very low AMH ca. » 0.5 ng/ml: 


Possibly freezing of oocytes, 
AMH ca. » 1 ng/ml: 


Possibly freezing of ovarian tissue 


Fig. 1 Treatment decision flowchart for fertility preservation procedures in patients with TS 


No freezing. 
Follow up of AMH 


levels 
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Introduction 


People who identify themselves as transgender or gender nonconforming experi- 
ence internal psychological conflict due to incongruence between the gender 
assigned at birth, and the gender in which the individual identifies [1]. The distress 
experienced by gender incongruence is known as gender dysphoria. Many of these 
patients choose to undergo treatments to alleviate the distress associated with gen- 
der dysphoria [2, 3]. These treatments are aimed at the suppression of assigned 
gender sexual characteristics through medical gender-affirming hormone treatment 
(GAHT) and sex reassignment surgery (SRS) in many cases. Table 1 summarises 
the glossary of terms and definitions. 

Standards of care for the health of transsexual, transgender and gender- 
nonconforming people have been provided by the World Professional Association 
for Transgender Health (WPATH) [1]. In the WPATH guidelines, it is recommended 
that all transgender individuals receive appropriate counselling on the potential 
negative impact of GAHT and SRS on future fertility possibilities, as well as coun- 
selling on fertility preservation options [1, 4]. These current recommendations are 
supported by large reproductive medical societies such as the American Society of 
Reproductive Medicine, ASRM [5], and the European Society of Human 
Reproduction and Embryology, ESHRE [6]. However, the costs of the procedures 
become a major barrier preventing young transgender patients from undergoing 
fertility preservation, and only a few countries have been reported to cover these 
procedures in transgender patients [7, 8]. 
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Table 1 Summary of definitions currently applied in the field of transgender medicine 


Assigned sex at birth* 


The assigned sex at birth typically based on primary sex 
characteristics. 


Cisgender* A term for a person whose gender identity matches the gender they 
were assigned at birth; someone who is not trans. 
Cisnormative/ The assumption in individuals or in institutions that everyone is 
cisnormativity* cisgender (no trans). 
Gender dysphoria Distress that gender incongruence might cause. 
Gender identity The gender one identifies with, such as man or woman or an 


alternative gender, regardless of assigned sex at birth. 


Gender incongruence 


When a person's gender identity and/or expression do not align with 
their sex assigned at birth. 


Transition® 


Period of time when individuals change from the gender role 
associated with their sex assigned at birth to a different gender role. 
For many people this involves learning how to live socially in 
another gender role; for others this means finding a gender role and 
expression that is most comfortable for them. Transition may or may 
not include feminization or masculinization of the body through 
hormones or other medical procedures. The nature and duration of 
transition are variable and individualized. 


Transgender’ 


Adjective to describe a diverse group of individuals who cross or 
transcend culturally defined categories of gender. The gender identity 
of transgender people differs to varying degrees from the sex they 
were assigned at birth. 


Transgender man: 


Female to male (FtM) 


Adjective to describe individuals assigned female at birth who are 
changing or who have changed their body and/or gender role from 
birth-assigned female to a more masculine body or role. 


Transgender woman: 


Male to female (MtF) 


Adjective to describe individuals assigned male at birth who are 
changing or who have changed their body and/or gender role from 
birth-assigned male to a more feminine body or role. 


Transsexual‘ 


Transsexualism F64.0: a medical diagnosis (ICD-10): “A desire to 
live and be accepted as a member of the opposite sex, usually 
accompanied by a sense of discomfort with, or inappropriateness of, 
one’s anatomic sex, and a wish to have surgery and hormonal 
treatment to make one’s body as congruent as possible with one’s 
preferred sex, so-called gender dysphoria".* The ICD-10 diagnosis is 
needed in many countries to access gender-affirming health care. In 
some countries, the diagnosis is called Gender Identity Disorder 
(DSM-IV or Gender Dysphoria (DSM-5)). A revised new diagnosis 
with proposed new name “Gender Incongruence” is expected to 
appear in the upcoming ICD-11. 


Transition® 


Period of time when individuals change from the gender role 
associated with their sex assigned at birth to a different gender role. 
The nature and duration of transition are variable and individualized. 


"Definition copied verbatim from James-Abra et al. 2015 [15] 
‘Definition copied verbatim from WPATH Standards of Care [1] 
‘Definition copied verbatim from ICD-10, F64.0 (World Health Organization, 2016) 
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The treatment of transgender persons is complex and multidisciplinary teamwork is 
needed. In many centres worldwide, the diagnosis is established and treatments are 
provided within multidisciplinary gender teams usually dedicated to either adults or 
younger adolescents, including endocrinologists, psychiatrists, psychologists, plas- 
tic surgeons and several other specialists. 

It has been difficult to establish the prevalence of transgender or gender- 
nonconforming people. Studies in the USA report on 0.6% of the population and an 
increase in referrals and people who receive GAHT [9]. 

When patients initiate GAHT at a young age, the future of their fertility potential 
is of concern. It has been estimated that about half of transgender people may have 
a desire to have children sometime in their life. However, at the time of transition, 
the number of patients who express this desire is somewhat lower at less than 25% 
[10]. It is important to consider that many individuals have acknowledged that their 
feelings about having biological children could change in the future and they may 
regret not having pursued fertility preservation [11]. 


Effect of GAHT on Fertility Potential 


Long-time effects of GAHT on fertility have been reported by several studies. A 
recent meta-analysis identified nine studies evaluating the effect of GAHT on semen 
parameters of transgender women who had undergone estrogen treatment for vari- 
able periods of time. Studies found a high proportion of sperm abnormalities, such 
as oligospermia, teratozoospermia and asthenozoospermia in samples from indi- 
viduals who had initiated GAHT treatment [7]. Studies of post-orchidectomy speci- 
mens 5-8 years after GAHT with estrogen used with or without antiandrogens 
evidenced abnormal spermatogenesis, maturation arrest or absence of spermatogen- 
esis and tissue fibrosis among individuals who had completed longer treatment [7]. 
The studies also suggest that the combination of estrogen and GnRH agonists 
(GnRHa), or estrogen and anti-androgens, inhibit spermatogenesis to a higher 
degree than the use of estrogen alone [7]. 

Studies of GAHT effects on transgender men regarding ovarian function have 
reported a reduction in AMH levels following GnRHa treatment and further reduc- 
tion following androgenic treatment [12]. Four studies compiled in a meta-analysis 
by Baram et al. [7] indicate variable ovarian histology results, from preserved ovar- 
ian tissue morphology to abnormalities such as large proportions of atretic follicles, 
thicker ovarian cortex, hyperplastic collagen, ovarian stromal hyperplasia and stro- 
mal luteinisation [13]. 

Data on pregnancies and live births in individuals who have undergone gender 
transition are scarce. Case reports and a few case series are available, as 


160 K. A. Rodriguez-Wallberg 


summarized by Baram et al. [7]. Data from transgender women who have used their 
cryopreserved sperm for insemination or IVF/ICSI of a cis-gender partner have 
been reported. Similarly, data on transgender men who have attempted pregnancy 
after discontinuation of GAHT are available and naturally occurring pregnancies 
have been reported. In a study of 41 transgender men, 68% discontinued treatment 
in order to achieve pregnancy and 20% conceived while still amenorrhoeic from 
testosterone treatment [14]. 


Counselling on Fertility Preservation 


Although the reproductive needs of the transgender population have become more 
recognized during recent years and programs for fertility preservation have been 
established at numerous centres worldwide, studies show high variation in repro- 
ductive counselling provision to transgender patients, with higher rates at special- 
ised centres having gender teams or an endocrinologist experienced in fertility 
treatment, but low rates otherwise [15]. 

It is important that the centres providing care to transgender patients, including 
reproductive counselling and fertility preservation, have competence regarding 
transgender medicine. This is due to evidence that transgender patients are vulner- 
able when considering fertility preservation [8]. The information should be pro- 
vided to transgender individuals in a sensitive way, considering their gender 
dysphoria. Transgender individuals are interested in receiving information about 
cells which could potentially be used in the future to achieve a pregnancy, i.e. 
oocytes or sperm, but they prefer not to be reminded of the feminine association of 
oocytes, or the masculine association of sperm. The language routinely used at 
reproductive centres usually includes gender-specific words, such as woman, 
female, vagina, womb, and men, male, testis, penis. These word examples are 
accepted within a cis-patient population. However, transgender individuals may 
consider these words offensive. 

An important consideration is the use of the correct pronoun used by the indi- 
vidual. The individual should be asked what their preferred pronoun is (he, him, his; 
she, her, hers) and this should be documented in the patient’s chart to ensure that all 
personnel at the centre use it, guaranteeing that the individual feels recognised and 
respected by the healthcare professionals [8]. For most patients, non-gendered terms 
such as patient, person, individual, which are gender-neutral, are well accepted and 
should be preferred. 

Information provision should allow patients to make an informed decision about 
their future fertility chances and should not implicitly discourage them in any way, 
as reported by a great number of transgender patients in a recent Australian study 
[16]. Healthcare professionals counselling on fertility preservation should provide 
complete information and support to ensure that transgender patients interested in 
preserving fertility may take that opportunity. 
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Individuals who are referred for fertility preservation may have already initiated 
hormonal gender-affirming treatment. If these patients aim to cryopreserve sperm or 
oocytes, the affirming treatment needs to be suspended. Some transgender women 
may require several months to resume natural sperm production after suspending 
estrogenic treatment, similarly to transgender men resuming menses after suspend- 
ing depo-testosterone. A timely consultation for fertility preservation should be 
planned before the initiation of gender-affirming hormonal treatment. 


Oocyte Cryopreservation 


Transgender men should receive information on methods of fertility preservation, 
and their clinical or experimental status. In general, it is important to clearly explain 
to transgender men where the oocytes are, why the ovaries need to undergo hor- 
monal stimulation to obtain mature oocytes and that retrieval of the oocytes is fea- 
sible through transvaginal puncture of the ovaries. The current medical illustrations 
used to explain these facts to cis-patients may be inappropriate to transgender 
patients, as they may negatively react to pictures which remind them of a feminine 
body [8]. People with gender dysphoria may not have previously undergone a vagi- 
nal examination or a transvaginal ultrasound examination. The need for vaginal 
examination using transvaginal ultrasound should be clearly explained. Some 
patients may feel discouraged or hesitant about undergoing a vaginal examination 
during the first medical visit or may need repeated attempts to accomplish it. A 
number of patients may never undergo a vaginal examination. 

Young patients usually have a high ovarian reserve and treatment with exogen 
gonadotropins to obtain multiple follicles is usually effective in such patients. Older 
patients may require higher gonadotropin doses. An estimation of the individual’s 
reserve using anti-Miillerian hormone to evaluate the specific chances of obtaining 
oocytes that can be cryopreserved may provide useful information. A transvaginal 
ultrasound is also needed before planning treatment, mainly to examine the feasibil- 
ity of ovarian stimulation aimed at oocyte freezing. 

In Sweden, programs for fertility preservation initiated the care of transgender 
patients in 2013 after a change in the law that finally removed the previous require- 
ment of sterilization. At our centre at Karolinska University Hospital in Stockholm, 
we use a stimulation protocol incorporating an aromatase inhibitor (letrozole) along- 
side gonadotropin stimulation for fertility preservation aiming at oocyte freezing in 
transgender men. This protocol, initially developed for women with estrogen- 
sensitive breast cancer requiring fertility preservation, significantly reduces the sys- 
temic estradiol rise during stimulation and minimizes estrogenic side effects [17]. 
The protocol using letrozole has been reported in the specific clinical situation of 
transgender men undergoing ovarian stimulation with good patient adherence [18]. 
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The biological features and the continuous production of mature sperm since 
puberty might be an advantage for transgender women interested in sperm banking. 
Transgender women should be encouraged to provide a sperm sample for sperm 
banking as soon as possible before gender-affirming treatment with opposing hor- 
mones is initiated. If sperm is banked, the chances of success after using frozen- 
thawed sperm in future fertility treatments are high. Most transgender women who 
have not initiated gender-affirming treatment are able to have erection and ejaculate. 
There are usually many spermatozoa in the ejaculate, several million in the majority 
of cases, so if it is possible for the patient to give a semen sample, the chances of 
fertility preservation are reasonably high in this group. 

Gender-affirming hormone therapy for transgender women consists mainly of 
estrogen, often combined with an anti-androgen to further suppress testosterone 
production. This treatment has a known negative effect on the patient’s fertility, 
since the testicles atrophy and serum levels of testosterone drop significantly caus- 
ing sperm production to halt [19, 20]. Transgender women who are already under- 
going estrogen treatment and are interested in recovering sperm to cryopreserve 
may need to suspend their treatment for several months before sperm production 
resumes. 

For transgender women interested in sperm banking, the logistics are less prob- 
lematic. Patients provide a semen sample by masturbation to the reproductive labo- 
ratory. In crowded centres, transgender women should receive appointments to 
provide sperm samples to the laboratory at times when cis-male patients are not 
usually scheduled to provide sperm samples. 


Data on Fertility Preservation 


A few studies investigating fertility preservation in transgender individuals have 
been reported, with most of the data investigating patient experiences using qualita- 
tive research methods. 

In a Belgian cohort of 50 transgender men, half reported a wish to have children, 
and if fertility preservation options had been available at the time of their transition, 
38% would have considered using them [21]. 

Whereas clinical experiences of sperm banking among transgender women have 
been reported [22], only a few case reports of transgender men who have undergone 
fertility preservation by ovarian stimulation and oocyte cryopreservation are avail- 
able [18, 23]. 

A study of transgender men’s experiences of fertility preservation through oocyte 
freezing found an increase in gender dysphoria in connection with the procedures 
involved, such as transvaginal examination and hormonal stimulation [8]. The indi- 
viduals used several coping strategies to manage the procedures, such as focusing 
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on their reasons for undergoing fertility preservation [8]. A Canadian study of nine 
transgender individuals’ experiences of assisted reproduction services showed over- 
all negative experiences of healthcare encounters, such as having to cope with nor- 
mative assumptions and being refused service [15]. A large Australian study of 409 
transgender and non-binary adults found that participants with positive experiences 
of FP often described healthcare professionals who were professional and knowl- 
edgeable and provided affirming and caring services, whereas negative experiences 
were associated with healthcare encounters with professionals who acted mainly as 
gatekeepers of fertility preservation [16]. Thus, healthcare providers may be encour- 
aging or discouraging towards fertility preservation. The mentioned Australian 
study discusses the fact that although the WPATH Standards of Care published in 
2011 [24] do address the topic of fertility preservation, only brief information is 
provided, and several specific issues are not covered in the guidelines. 

The experience of our centre in Sweden and reported patient experiences [8] 
indicate that it is important to ensure healthcare professionals’ continued education 
so that they can encounter a new patient group. Healthcare professionals’ providing 
care to a new patient group of transgender people at our centre have also reported 
challenging experiences [25]. A major challenge for optimal care is attainment of 
good communication and confrontation with preconceived opinions and cis- 
normative assumptions [26]. 

For transgender men, it may be expected that ovarian stimulation and transvagi- 
nal examinations are likely to increase distress and gender dysphoria, and patients 
should receive information on this increased risk [8]. It is also important that health- 
care providers use non-gendered words as far as possible, such as “bleeding” or 
“pelvic examination” instead of “menstruation” or “gynaecological examination”, 
and to use the individual’s preferred pronoun [8]. Information brochures should be 
specifically adapted to transgender patients to clearly explain the procedures needed 
and what to expect. 

Table 2 shows strategies coping with the distress of fertility preservation proce- 
dures reported by transgender men [8]. These methods of handling the situation, 
such as focusing on the goal, enlisting support from friends or relatives or using 
distractors during the examinations should be discussed with the patients. Contextual 


Table 2 Experiences of transgender men undergoing fertility preservation (FP) by ovarian 
stimulation and oocyte cryopreservation in Sweden. Content analysis of individual in-depth 
qualitative interviews allowed identification of main categories and subcategories [8] 


The journey of fertility Reactions to the fertility preservation 
preservation proceedings Strategies for coping 
Referral, assessment, Discontinuing testosterone treatment to | Goal-oriented 
diagnosis regain menstruation 
A frustrating wait | Resumption of menstruation | Searching for support 
| The hormonal treatment Changing the focus 
Becoming exposed by pelvic IA cognitive approach 
| examinations and being seen by others 
Doubts and encouragement | Not as bad as anticipated | m 
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sensitivity during fertility preservation procedures is important, and healthcare pro- 
viders should have knowledge of transgender patients’ vulnerable situation in con- 
nection with fertility preservation. With this knowledge, providers can help to 
reduce distress through their actions, or at least not increase it. 


Practical Recommendations 


* [tis of great importance that the information provided to transgender persons is 
communicated by healthcare professionals in a sensitive way, ideally by health- 
care providers with expertise in fertility preservation and with knowledge of 
transgender medicine. 

* The information should also be adapted to the individual's age and it should be 
accurate, including the shortcomings of current fertility preservation methods, as 
none of the methods available guarantee a pregnancy and a live birth through the 
use of cryopreserved cells or tissues that are thawed and revitalized to be used in 
developed ART treatments. 
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Part III 
Fertility Preservation— Techniques 


Ovarian Stimulation to Collect Oocytes A 


Check for 
updates 


Ariane Germeyer and Michael von Wolff 


Introduction 


The aim of ovarian stimulation is to obtain mature oocytes in order to preserve them 
in an unfertilised or fertilised state as a fertility reserve. In the FertiPROTEKT net- 
work, stimulation for the collection and cryopreservation of unfertilised or fertilised 
oocytes was carried out in approximately 40% of all fertility-preserving therapies 
performed [1]. 

The distinctive features of this form of fertility preservation are, on the one hand, 
that the treatment should be carried out as quickly as possible, so that necessary 
treatment for the underlying disease is not unnecessarily delayed. On the other 
hand, only one attempt is usually possible, which must be as efficient as possible. 
The maximum possible number of mature oocytes should be obtained without the 
risk of overstimulation. 

It is also important to note that fertilised eggs can only be transferred to the 
woman with the consent of both partners. Since the cells can be stored for several 
years before a transfer, a possible separation of the couple must be considered dur- 
ing this time, which means that the woman would no longer have the option of 
retransferring of the fertilized cells. To avoid this risk, even in a stable partnership, 
it is recommended that all oocytes are frozen unfertilised or that splitting is carried 
out (50% fertilised, 50% unfertilised cryopreserved) to guarantee the woman’s 
independence. 
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Table 1 Advantages and disadvantages of ovarian stimulation 


Advantage Disadvantage 

Established procedure Time necessary approximately 2 weeks 
Well-known chance of conception, dependent | Success rate dependent on ovarian reserve (antral 
on female age and ovarian reserve follicle count, AMH concentration) 

Procedure possible even with low ovarian Hormone exposure (cave: Hormone dependent 
reserve tumours) 

Also possible with ovarian metastasis Relatively high cost 


Vaginal sonography and transvaginal follicle 
aspiration required 


Table 2 Average number of Average number of retrieved 
oocytes collected from 809 Age (years) oocytes (n) 
women according to the 
0 11.7 

FertiPROTEKT register [1] = 

31-35 12.8 

36-40 8.4 

>40 4.6 


Ovarian stimulation which begins at the time of menstruation is a routine proce- 
dure. Measures to minimize the risk of ovarian hyperstimulation syndrome are also 
clinically established (Table 1). 

Stimulation started after menstruation, e.g. in the luteal phase to limit the dura- 
tion of stimulation to 2 weeks, has already been tested in several clinical studies 
[2-4]. Double stimulation [5-7] and stimulation immediately after removal of ovar- 
ian tissue have also been the subject of several studies [8, 9]. 


Effectiveness 


The number of oocytes collected depends on the age of the patient and the underly- 
ing individual ovarian reserve. However, the underlying disease has very little effect 
on the number of oocytes obtained [10, 11]. According to the FertiPROTEKT reg- 
ister, the average number of oocytes obtained from 809 women was [1] (Table 2): 

Exceptions [1] are women who have undergone a surgical intervention on the 
ovaries before stimulation (see chapter *Ovarian Tumors and Ovarian Cancer") or 
with Hodgkin's lymphoma (see chapter “Hodgkin’s Lymphoma"). Fewer oocytes 
may be obtained after ovarian stimulation in women with a BRCA mutation, pre- 
sumably due to a lower ovarian reserve (see chapter “Breast Cancer”). 

If vitrification is adequately performed as a freezing technique, the survival and 
fertilisation rates of cryopreserved oocytes are very good. Numerous studies com- 
paring unfertilised and fertilised cryopreserved oocytes with eggs without cryo- 
preservation showed no relevant differences in pregnancy rates [12-14]. 


Ovarian Stimulation to Collect Oocytes 171 


Table 3 Theoretical birth rate per stimulation depending on the age of the woman, calculated 
based on 125 follicular aspirations [15] 


Age Average number of retrieved | Average number of fertilised | Estimated live birth 
(years) oocytes (n) | oocytes (n) __| rate (%) 

<26 [13.5 |8.6 |- 40 

26-30 |113 ja -35 

3135 110 jer n 

36-240 | 83 [5.1 20 


The effectiveness of oocyte vitrification has also been confirmed in oncological 
patients. In 11 women whose oocytes were collected at an average age of 35.6 years 
(30-41) and thawed and fertilized after the disease, an oocyte survival rate of 92%, 
a fertilization rate of 77% and an implantation rate of 64% were found. Pregnancy 
occurred in 7 of the 11 women and 4 (36%) gave birth [15]. 

Based on the number of oocytes that were removed and successfully fertilized 
before cytotoxic therapy, a FertiPROTEKT [15] study calculated the theoretical birth 
rate depending on the age of the woman using 125 follicular aspirations (Table 3): 

Therefore, after ovarian stimulation with cryopreservation of unfertilized or fer- 
tilized oocytes, the theoretical birth rates mentioned in Table 2 can be assumed if the 
specified number of oocytes is obtained. 


Risks 


Ovarian stimulation can lead to side effects from the medication, as well as complica- 
tions during follicular puncture (www.deutsches-ivf-register.de). Women may expe- 
rience temporary weight gain, mood swings and a feeling of abdominal pressure due 
to the increase in size of the ovaries. Clinically relevant bleeding from follicular 
puncture or inflammation is rare. During stimulation of patients in the FertiPROTEKT 
network, severe ovarian hyperstimulation syndrome occurred only once in 708 stim- 
ulations [4]. Chemotherapy has so far only had to be postponed once by one day. 

In addition, Del Pup & Peccatori [16] were unable to demonstrate a worsening of 
prognosis in hormone receptor-positive breast cancer patients stimulated with letro- 
zole compared to non-stimulated controls. 


Practical Approach 


General 


The standard protocol for stimulation is the antagonist protocol with ovulation 
induction using a GnRH agonist (GnRHa) (triptorelin 0.2 mg s.c.) to minimize the 
risk of the ovarian overstimulation syndrome [17]. In practice, a daily gonadotropin 
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dose which is approximately 50 IU higher than that of stimulation with an intended 
fresh transfer is often administered to increase the number of oocytes. 


Random Start Stimulation 


Ovarian stimulation can be started at any time during the menstrual cycle with the 
exclusive aim of collecting oocytes (without fresh embryo transfer) with the same 
number of oocytes and the same fertilisation rates [1-3] (“random start stimula- 
tion”). Pregnancy rates are equally high compared to standard stimulation protocolls, 
when stimulation is started in the luteal phase [18] and the malformation rates are 
unaffected [19]. Identical results have also been demonstrated for egg donors and 
there is currently no disadvantage from “random start” stimulation [20]. According 
to previous studies, stimulation takes 1-2 days longer when stimulation is started in 
the luteal phase than when stimulation begins in the early follicular phase. 
Stimulation can be performed as follows, depending on the cycle phase (Fig. 1): 


* Start of stimulation in the early and middle follicular phase: conventional antag- 
onist protocol with FSH or FSH/LH, addition of an GnRH antagonist (GnRHant) 
if dominant follicle 213 mm and GnRH agonist triggering with triptorelin 
0.2 mg s.c. if 3 follicles 217 mm. Stimulation dose approx. 50 IU higher than 
with an intended fresh transfer. 


Ovulation induction with HCG 
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Luteal phase 


Fig. 1 Ovarian stimulation in different cycle phases 
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* Stimulation start in the late follicular phase with a dominant follicle 2 approx. 
13 mm: ovulation induction with triptorelin 0.2 mg s.c., followed by luteal phase 
stimulation directly after ovulation. 

e Stimulation start in the luteal phase: conventional antagonist protocol with FSH 
or FSH/LH, and GnRH agonist triggering with triptorelin 0.2 mg s.c. Stimulation 
dose approx. 75 IU higher than with an intended fresh transfer after a stimulation 
start in the early follicular phase. GnRH antagonist started when new dominant 
follicle > approx. 13 mm. 


Progesterone Primed Ovarian Stimulation 


Progesterone-primed ovarian stimulation (PPOS) was derived from luteal phase 
stimulation, which showed that no LH increase occurs under the influence of pro- 
gesterone. Since the function of the endometrium does not play a role in fertility 
preservation (freeze-all strategy), the negative effect of progesterone on the endo- 
metrium does not come into effect [21]. Efficient ovulation inhibition, a low rate of 
side effects and predominantly comparable oocyte counts, fertilisation, implanta- 
tion and pregnancy rates were demonstrated for 4 and 10 mg medroxyprogesterone 
acetate (MPA), 10 and 20 mg dydrogesterone and 100 and 200 mg oral micronized 
progesterone. 

The only exception was the latest study by Begueria et al. [22], which showed a 
lower efficiency of 10 mg MPA compared to the GnRH antagonist protocol in an 
egg donation programme. Furthermore, in the studies published to date (now 22600 
women), there were no increased malformations among the children. In the proto- 
cols, the progestins were started on the third day of the cycle at the same time as the 
gonadotrophins (Fig. 2). It should be noted that an approx. 25 IE higher gonadotro- 
phin dose/dose must be administered to obtain the same number of oocytes and the 
stimulation takes about 1 day longer (corresponding to luteal phase stimulation). 
When using MPA and dydrogesterone, the physiological production of progester- 
one in serum can be demonstrated, whereas this is not the case for oral micronized 
progesterone. The use of gestagens for ovulation suppression is also conceivable in 
principle with “random-start” protocols, but their efficiency has yet to be proven. 


Double Stimulation 


Double stimulation allows an increase in the number of oocytes obtained within 
approximately 4 weeks [5, 7, 23] (Fig. 3). Most double stimulations are “poor 
responders", but they have also been described occasionally in the context of fertil- 
ity preservation. The similar stimulation protocols all resulted in a higher number of 
mature oocytes the second stimulation with good developmental quality (sum- 
marised in [6, 18]). 
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Fig. 3 Double stimulation 


With this method, stimulation with a classical antagonist protocol and follicle 
aspiration is performed first after ovulation induction with a GnRHa. It can be 
assumed that the first stimulation can also be started in every cycle phase (random 
start stimulation). A second stimulation is started 2-5 days after follicular puncture 
according to the luteal phase stimulation described above [23]. A prerequisite is that 
the ovary does not have too many large follicles (whether the administration of 
GnRHant for 2 days after follicle puncture accelerates luteolysis has not yet been 
proven). To rule out premature ovulation, GnRHant are administered additionally as 
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soon as the new dominant follicle exceeds a size of 13 mm [7] (Fig. 3). Double 
stimulation takes approximately 30 days. 


Reduction of Estradiol Concentration in Hormone Receptor 
Positive Tumours 


Hormone-receptor-positive tumours, in particular hormone receptor-positive breast 
cancer, represent a special case, since their growth could at least theoretically be 
increased by supraphysiological estrogen concentrations. 

To reduce the increasing estrogen concentrations during ovarian stimulation, the 
addition of aromatase inhibitors, e.g. letrozole 5 mg (2.5 mg each morning and eve- 
ning from the first day of stimulation), is recommended for ovarian stimulation in 
hormone receptor-positive patients [14]. Since letrozole is not approved for use in 
ovarian stimulation, treatment is off-label. Previous studies have not shown increased 
malformation rates in children after stimulation with letrozole [24, 25]. The number 
of oocytes [26] and the pregnancy rates described so far [14, 27] are also unaffected 
by the addition of letrozole. A more recent study of egg cell quality after letrozole 
stimulation and an ovulation trigger with GnRHa showed good egg cell quality 
based on an analysis of gene expression of granulosa cells and local estrogen con- 
centration in the follicular fluid [28]. Oktay et al. [29] recommended that ovulation 
should only be triggered when the follicle size reaches 20 mm. 

It should be noted that stimulation of a hormone receptor-positive patient should 
only take place after consultation with the responsible oncologists. 


Combination of Ovarian Stimulation with the Removal 
of Ovarian Tissue 


Ovarian stimulation can be combined with cryopreservation of ovarian tissue to 
increase the chance of success in treatments with high gonadotoxicity (Fig. 4) [7, 8]. 
Ovarian stimulation begins approximately 2 days after the laparoscopic removal of 
50% of an ovary. In addition, a GnRHa depot injection could be given for fertility 
preservation on the day of follicular puncture. According to the studies carried out 
so far, there is no increased risk of complications. The number of oocytes obtained 
is not reduced after the removal of ovarian tissue. The time required for the combi- 
nation of both therapies is approximately 2.5 weeks. 
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Fig. 4 Combination of ovarian stimulation with the removal of ovarian tissue and the administra- 
tion of a GnRHa 
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Introduction 


Cryopreservation of unfertilized oocytes or fertilized oocytes after in vitro fertiliza- 
tion (IVF) and/or intracytoplasmic sperm injection (ICSI) (at the pronucleus or 
embryonic stage) is an established and standardized reproductive medical technique 
that can be reliably used in patients prior to fertility-damaging or -reducing treat- 
ment [1, 2]. It should be taken into account here that a post-pubertal patient has a 
window of about 2 weeks until the start of her treatment, and, as a further prerequi- 
site, she must have an expected good ovarian response to the necessary hormone 
stimulation (see chapter “Ovarian Stimulation”). 


Ultra-Fast Freezing (Vitrification) 


The absence of intracellular ice crystal formation is made possible by converting the 
oocyte from a liquid to an amorphous, glassy state. To achieve this glass-like solidi- 
fication within the oocyte and extracellularly, and to minimize toxic and osmotic 
injuries, extremely high cooling rates, highly concentrated commercial cryoprotec- 
tants (mixture of permeable and non-permeable cryopreservatives, which also 
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reduce the specific toxicity of each component) and minimal volumes (in the nano- 
litre range) must be used [3]. 

In vitrification, a distinction is made between two user systems that refer to the 
cell carrier: an open and a closed system. The open system establishes direct contact 
between the cell to be frozen and liquid nitrogen which allows very high cooling 
rates to be achieved. A closed system generates slightly lower cooling rates com- 
pared to the open system which may result in the repeatedly discussed lower suc- 
cess rates but avoids the theoretical risk of contamination and infection of the 
germ cell. 


Oocyte Retrieval 


Ovarian stimulation is required to cryopreserve a sufficient number of oocytes, 
which, thanks to modern stimulation protocols, can now start at any point in the 
cycle (“random start stimulation”) [2, 4-6] (see chapter “Ovarian Stimulation to 
Collect Oocytes”). On average, about 13 oocytes can be obtained before cytotoxic 
treatment [4]. However, the number of oocytes obtained decreases significantly at 
the age of >35 years. A detailed description of the stimulation techniques, their 
effectiveness, risks and costs can be found in Chapter “Ovarian Stimulation to 
Collect Oocytes”. 


Cryopreservation of Unfertilized Oocytes 


Freezing the particularly cryosensitive unfertilized oocytes was the greatest chal- 
lenge in the cryopreservation process of female gonadal cells. This is due to their 
low membrane permeability, their size (130 um), their high water content (danger of 
intracellular ice crystal formation if handled incorrectly) and the presence of the 
still intact spindle apparatus due to unfinished meiosis [7]. According to the current 
ASCO (American Society of Clinical Oncology) guidelines [8], ESHRE/ASRM 
(European Society of Human Reproduction and Embryology/American Society for 
Reproductive Medicine) [9], national and international recommendations [1, 10] as 
well as the AWMF S2k guideline from the German, Austrian and Swiss Societies of 
Gynaecology and Obstetrics (DGGG, OEGGG, SGGG) on fertility preservation in 
oncological disease [11], vitrification is considered the standard method for cryo- 
preservation of unfertilized oocytes. This is because unfertilized oocytes that had 
undergone slow freezing could only be very poorly fertilized after thawing and had 
generally poorer survival rates, and fertility preservation by cryopreservation of 
unfertilized oocytes only really made sense after the introduction of vitrification [7]. 
The success rates published in the German, Austrian and Swiss AWMF guideline 
[11] after vitrification are shown in Table 1 and can be traced back to papers pub- 
lished at that time [12, 13]. 
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Table 1 Success rates after vitrification of unfertilized oocytes [11] 


Survival rate per unfertilized oocyte after cryopreservation/thawing (%) 80-90 

Fertilization rate per unfertilized oocyte after cryopreservation/thawing (%) 76-83 

Clinical pregnancy rate (%) 44.9 
Malformation rate (%) 1:3 


Table 2 Age-related cumulative results of patients with oocyte vitrification before oncological 
treatment [15] 


Age-groups <35 years 235 years 
Number of patients (n) 42 38 

Number of vitrification/thawing cycles (n) | 42 39 

Mean age (years + SD) | 31.6+42.1 38.0 + 2.1 
Oocyte survival rate (%) | 81.2 82.7 
Clinical pregnancies (n)/thawing cycles (n) (%) 18 /42 (42.8) 15/39 (38.5) 
Ongoing pregnancies (n)/thawing cycles (n) (%) 15/42 (35.7) 10/39 (25.6) 
Live births (n)/patients (n) (%) 16/38 (42.1) 9/33 (29.0) 


If more recent figures from Cobo et al. [14, 15] are considered, further improved 
survival rates after cryopreservation/thawing of 80-95%, average clinical preg- 
nancy rates after ICSI per embryo transfer of 3096 (10-59%) and an average cumu- 
lative live birth rate of 33% (6-62%) are seen for vitrification. The success rates 
(especially the live birth rate per oocyte) correlate strongly with the age of the 
patients at collection/vitrification and the number of oocytes collected and matured 
[14-16]. Patients <36 years of age achieve better results than older patients [14— 
19], especially since with advanced age not only the quality of the oocytes decreases 
but also the number of oocytes to be collected and matured due to the age-related 
reduction in the ovarian reserve. 

A recent study by Cobo et al. [15] examined the largest series of vitrified oocytes 
from a patient group undergoing fertility preservation prior to oncological treat- 
ment. It therefore provided data on the influence fertility preservation indication on 
the results by comparing IVF data, oocyte survival, clinical outcomes and live birth 
rates (Table 2). 

The majority of patients in this group were treated for breast cancer (64.6%), 
followed by women with Hodgkin's (11.6%) or non-Hodgkin's lymphoma (5.2%). 
A GnRH antagonist protocol plus letrozole for stimulation was used in 72.8%. 

Numerous publications have been published which, using retrospectively col- 
lected data, have calculated the birth rate depending on the number of mature 
oocytes and on the woman's age [16, 20]. Furthermore, Doyle et al. [16] performed 
a calculation using fresh and cryopreserved oocytes from women with sterility and 
designed useful graphics for everyday practice, for a better illustration for patients 
and users. They indicated in detail age-associated oocyte to child efficiencies, rang- 
ing from 8.7% for women aged «30 years to 1.1% for women aged 43-44 years 
(Table 3), and an overall oocyte to child efficiency of 6.7%. 
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Table 3 Age-related | [Probability of children per - 
calculation of the live birth Age groups | thawed oocyte (%) 
rate per thawed oocyte [16] «30 years [8.67 

30-34 years 1 8.20 

35-37 years 1733 

38-40 years 14.47 

41-42 years | 2.49 

43-44 years | 1.06 


Therefore, attempting fertility preservation after the age of 40 years is unlikely 
to be successful. The relative stability of fertility potential in the healthy population 
through the early to mid-30s suggests this would be a reasonable span in which to 
consider oocyte cryopreservation [16]. 

Irrespective of this, the success rates strictly correlate with the user, that is 
good success rates after vitrification can only be achieved with practiced and safe 
handling of the cryopreservation technique [12, 19]. Improper or uncertain imple- 
mentation in the freezing and/or thawing process as well as non-compliance with 
the strict time requirements during the individual incubation steps with highly 
concentrated cryoprotective agents lead to irreversible damage to the germ cells, 
which is clearly reflected in the survival, fertilization, development, clinical preg- 
nancy and live birth rates. However, it is possible that automation of the vitrifica- 
tion process in the future will stabilize the high success rates through standardized 
work processes in a controlled environment that are independent of the skill of 
the user. 

Furthermore, the currently available evidence suggests that cryopreservation of 
unfertilized oocytes, compared to fresh cycles [7], is not associated with increased 
obstetric and perinatal complications—although large long-term follow-up studies 
are still lacking. 

Nevertheless, the potential benefits of cryopreservation of oocytes must be 
weighed against the risks and costs. Stimulation, aspiration and cryopreservation of 
oocytes in patients with an unfavourable prognosis, and/or from a psychological 
point of view if there is a great fear of infertility despite only very weak chemo- 
therapy, must be avoided. The benefit is particularly defined by the later use of the 
oocytes. The later use rate is low according to previous studies (Table 4). 


Cryopreservation of Fertilized Oocytes 


Cryopreservation of Pronuclear Stages 


In contrast to the cryopreservation of unfertilized oocytes, the cryopreservation of 
fertilized oocytes with two pronuclei (pronucleus stage) is a method that has a long 
safety record and is an essential component of assisted reproductive medicine 
techniques. 
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Table 4 Retrieval rate of cryopreserved oocytes before gonadotoxic therapies and outcome 
[13,21] 


Cobo et al. Diaz-Garcia et al. 
2018 [15] 2018 [21] 
Number of patients with cryopreserved oocytes, n 1073 1024 
Patients who have retrieved their oocytes, n (%) 80/1073 (7.4) 49/1024 (4.8) 
Transfers/warming cycle (%) 58/80 (72.5) n.a. 
No. of embryos transferred/cycle 1.4 1.4 
Implantation rate (%) 325 n.a. 
Clinical pregnancies/transfer (%) 24/58 (41.4) 20/49 (40.8) 
Ongoing pregnancies/transfer (%) 18/58 (31.0) 16/49 (32.6) 
Live births (%) 18/58 (31.0) 16/49 (32.6) 


According to current figures from the DIR (German IVF Register) Annual report 
2019 [22], the clinical pregnancy rate per transfer of around two thawed procucleus 
stages is 28% on average. The absence of the spindle apparatus after completion of 
meiosis makes the oocyte much easier to treatin the laboratory [23]. Cryopreservation 
can be carried out using the slow-freezing method as well as by vitrification. 
However, vitrification is also becoming the standard method here. If cryopreserva- 
tion of fertilized oocytes is planned, the patient should be in a stable relationship. To 
preserve the woman’s independence, splitting (50% fertilized, 50% unfertilized 
cryopreserved) is recommended, even if she is in a permanent relationship. It may 
even be necessary to consider cryopreservation of all oocytes in an unfertilized state. 


Cryopreservation of Embryos 


Cryopreservation of embryos, preferably in the blastocyst stage, is also an estab- 
lished method in most countries and is also carried out by vitrification. The survival 
rate after thawing is approximately 97%. The clinical pregnancy rate per thawing 
cycle is approximately 35-41% [24], almost twice as high as for the cryopreserva- 
tion of pronucleus stages. The reason for this is that only about 50% of pronucleus 
stages reach the blastocyst stage—the effectiveness between pronucleus and blasto- 
cyst stage is therefore hardly comparable. 

Which stage of development (oocyte, pronucleus stage or embryo) is ultimately 
preferred for cryopreservation depends not only on the country's legal requirements 
but also on the personal interests of the patient. 


Conclusion 


The introduction of new stimulation protocols and the establishment of vitrification 
make it possible to obtain oocytes within about 2 weeks, which can be cryopre- 
served either unfertilized or fertilized in the pronucleus stage or as blastocysts. 
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The German, Austria and Swiss AWMF guideline [11] defined the following 


consensus-based statements and recommendations in the field of cryopreservation 
of unfertilized and/or fertilized oocytes for fertility preservation, each with very 
strong consensus strengths of +++: 


“The cryopreservation of fertilized and unfertilized oocytes is an established 
reproductive medical technique that can be used prior to gonadotoxic treatment’. 
“The cryopreservation of unfertilized oocytes does not show an increased rate of 
malformations or developmental deficits in children compared to the cryopreser- 
vation of fertilized oocytes”. 

“Freezing of unfertilized oocytes should also be offered, even in an existing 
relationship”. 
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Introduction 


The removal and cryopreservation of ovarian tissue for later transplantation in 
patients with therapy-induced premature ovarian insufficiency who wish to have 
children is an established and standardized reproductive medical technique for post- 
pubertal patients, and more than 130 live births using this method were documented 
worldwide in 2017 [1]. There are now over 170 known births. The method is an 
essential pillar in the field of fertility preservation with many advantages but also 
some disadvantages (Table 1). Since the ovarian tissue transplants used later allow 
a temporary restitution of endogenous hormone production, a spontaneous preg- 
nancy is possible. Menopausal symptoms are also reduced. A major advantage is the 
short period of time required before removal, as no preparation of the patient is 
necessary, and the tissue can be removed at any time during the menstrual cycle. 

Pre-pubertal girls and young women also benefit from cryopreservation of ovar- 
ian tissue, and 10 births after cryopreservation of ovarian tissue before the age of 
20 years have been reported [2]. In individual cases, puberty was induced with 
transplanted tissue [3]. 

The following principle applies when removing ovarian tissue: as much as neces- 
sary, as little as possible. Therefore, only half an ovary is removed and cryopre- 
served in most centres, since it has been proven that pregnancies can be generated 
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Table 1 Possible advantages and disadvantages of removal and cryopreservation of ovarian tissue 


Advantages of removal and 
cryopreserving ovarian tissue 


Disadvantages of removal and cryopreserving ovarian 
tissue 


Time required approximately Yo week, 
removal possible at any point in the 
cycle 


Invasive procedure performed under general 
anaesthesia with increased risks in patients with 
immunosuppression and blood coagulation disorders 


Removal and cryopreservation of 
ovarian tissue: established procedure 


Chances of success depend on the available ovarian 
reserve, upper age limit approx. 35-38 years 


Removal and cryopreservation costs are 
lower than ovarian stimulation/ 
cryopreservation of oocytes 


Possibly tumour cells in ovarian tissue with the risk of 
recurrence 


Transvaginal ultrasound is not required 
for the removal and cryopreservation of 
ovarian tissue 


Experimental in diseases with malignancies of the 
haematopoietic system and in diseases with a high 
risk of ovarian metastasis 


Removal and cryopreservation of 
ovarian tissue can also be carried out in 
children 


Removal of a whole ovary is necessary in children 
due to the small size of the ovaries 


Fertility preservation method with high 
potential for development 


even with a smaller amount of tissue without significantly reducing the woman’s 
chances of later spontaneous conception (without transplantation). 


Risks of Transplanting Ovarian Tumour Cells 


In principle, there is a risk of preserving malignant cells when cryopreserving ovar- 
ian tissue and of transferring it when the tissue is transplanted. Because of this, a 
small piece of tissue is taken for histopathological examination to exclude metastases. 

Regardless of these histological and further examinations, the patient should be 
informed about the risks of ovarian contamination with malignant cells. 

Risk categories for ovarian contamination with malignant cells have been defined 
based on previous publications taking into account the specific tumour biology. 
Table 2 shows the risk categorization according to the German-Austrian-S wiss 
AWMF-S2k guidelines [4] and Dolmans & Masciangelo 2018 [5]. 


Cryopreservation with Malignant Diseases 
of the Haematopoietic System 


Malignant diseases of the haematopoietic system (leukaemia, etc.) pose a problem, 
as GnRH agonists (GnRHa) are not effective enough in stem cell transplantations 
and as the window of time available is too short for ovarian stimulation. Therefore, 
there is usually only the option of experimentally preserving ovarian tissue in addi- 
tion to GnRHa for bleeding prevention. 
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Table 2 Risk of ovarian metastasis with different types of tumours [4, 5] 


High risk Moderate risk Low risk 

Leukaemia Stage IV breast cancer, especially Stage I-III breast cancer, especially 
lobular subtypes ductal subtypes 

Neuroblastoma | Particularly advanced colorectal Squamous cell carcinoma of the 
cancers cervix 

Burkitt’s Stomach cancer Hodgkin’s lymphoma 

lymphoma 

Ovarian cancer Adenocarcinoma of the cervix Rhabdomyosarcoma 
Non-Hodgkin’s lymphoma Soft tissue sarcomas 
Ewing’s sarcoma 
Borderline ovarian tumours 


Ovarian tissue can be removed either before chemotherapy or in the window of 
time between induction and bone marrow ablative chemotherapy. Removal before 
chemotherapy is useful in young women in the expectation that techniques will have 
been developed by the time the tissue is needed (see chapter “Further Fertility 
Preservation Techniques”), which will allow risk-free use. Alternatively, the tissue 
can be removed after induction chemotherapy, since it has been shown that the func- 
tion of the tissue is not significantly reduced by mild chemotherapy (see section 
“Cryopreservation of Ovarian Tissue after Starting Chemotherapy“). However, even 
after induction chemotherapy, there is a risk that the tissue will continue to contain 
malignant cells. 

Shapira et al. [6] described a birth for the first time after transplantation of ovar- 
ian tissue taken from a leukaemia patient. After extensive molecular biological tests, 
the presence of malignant cells in the ovarian tissue could be excluded with a high 
degree of probability. A relapse of leukaemia did not occur after transplantation. 

However, Gook et al. [7] showed in mouse experiments that (1) malignant cells 
are almost always found in the ovarian tissue of leukaemia patients, that (2) biopsy 
results cannot be applied to the tissue to be transplanted and that (3) the transfer of 
malignant cells can lead to leukaemia. 

Ovarian tissue transplantation in patients with leukaemia and other malignant 
diseases of the haematopoietic system is therefore not currently recommended. 
Ovarian tissue should only be cryopreserved if the risk of intra-ovarian malignant 
cells is assessed as very low after pre-treatment or if the patient is very young, and 
it can therefore be speculated that techniques to avoid spread of tumor cells by 
transplantation will have been developed by the time the tissue is needed. 


Cryopreservation of Ovarian Tissue After 
Starting Chemotherapy 


Sometimes chemotherapy must be started urgently before a fertility preservation 
measure can be started. Under certain circumstances, the decision to carry out a 
fertility preservation measure may also only be made after the start of 
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chemotherapy. The reason may be a change in the patient’s opinion over time or that 
a milder chemotherapy was initially started without freezing of oocytes or ovar- 
jan tissue. 

In these cases, it is not possible to preserve oocytes, especially when alkylating 
substances are used. Cryopreservation of oocytes can be performed 3 months after 
completion of chemotherapy at the earliest, the period of maturation from primary 
to tertiary follicles. However, cryopreservation of ovarian tissue is possible, as 
undamaged primordial follicles can mature after transplantation of the tissue. 

Poirot et al. [8] transplanted ovarian tissue from 22 women who had received 
chemotherapy before tissue removal. Alkylating agents, among other things, were 
administered to 20 women. Most of these women had been diagnosed with lym- 
phoma. After initial chemotherapy, for example according to the ABVD scheme, 
stem cell transplantation with prior cryopreservation of ovarian tissue was per- 
formed. After transplantation of ovarian tissue, only the duration of tissue activity 
was significantly reduced compared to women with cryopreservation without prior 
chemotherapy; all other parameters, including pregnancy rates, did not differ. 

Meirow etal. [9] published a study of 10 women in whom ovarian tissue had also 
been removed after rather mild initial chemotherapy and later transplanted. In this 
study, the pregnancy rates did not differ from a control group without prior 
chemotherapy. 

These data show that ovarian tissue can also be cryopreserved after rather mild 
gonadotoxic chemotherapy. 


Effectiveness and Risks 


The removal and cryopreservation of ovarian tissue is now an established technique. 
Tissue removal is simple, quick to perform and therefore very effective. 

The risks are low and are only increased in some oncological diseases due to a 
generally increased risk of infection and bleeding (e.g. in leukaemia). 

According to the FertiPROTEKT register, one complication requiring surgical 
revision can be expected in 500 laparoscopies when ovarian tissue is removed [10]. 
However, in the register, the proportion of tissue removals in children and women 
with an increased surgical risk and in diseases with a functional impairment of the 
immune system and blood clotting is relatively low [11], and a calculation in these 
risk groups is not possible. 

The potential benefits of tissue removal and cryopreservation must be weighed 
against the risks and costs. Removal and cryopreservation in the event of a poor 
prognosis and/or for a psychological indication (e.g. great fear of infertility despite 
chemotherapy that is not or is only slightly gonadotoxic) must be avoided. 

Benefit is particularly defined by the subsequent use of the tissue for transplanta- 
tion. According to previous studies, the usage rate is very low (Table 3), although it 
can be assumed that it will increase over the coming years. Since the tissue is often 
only retrieved after several years of storage, the low use rate nevertheless shows that 
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Table 3 Tissue retrieval rate and frequency of transplants per cryopreservation 


Transplanted Patients with at 
Total patients/total least one birth/total 

Total number of | transplanted | number of number of 
cryopreservations | patients cryopreservations | cryopreservations 
n n n (96) n (96) 

Van der Ven et al. | 2500 49 49/2500 (1.9%) 15/2500 (0.6%) 

2016 

(FertiPROTEKT) 

[12] 

Jadoul et al. 2017 | 545 21 21/545 (3.9%) 7/545 (1.3%) 

[13] 

Diaz-Garcia et al. | 800 44 44/800 (5.5%) 8/800 (1.0%) 

2018 [14] 

Total 3845 114 114/3845 (2.9%) | 30/3845 (0.8%) 


Table 4 Factors determining the preference for cryopreservation of ovarian tissue or oocytes 


Factors Ovarian tissue preferred Oocytes preferred 


Woman’s age 


Pre/peripubertal age 


Age > ca. 35 years 


Woman’s health 
status 


Major medical risks with ovarian 
stimulation 


Major medical risks with intubation 
anaesthesia 


Time needed 


Available timeframe 
< 2 weeks 


Available timeframe 
> 2 weeks 


Ovarian metastasis 


Low risk of intraovarian malignant 
cells 


High risk of intraovarian malignant 
cells 


Chemotherapy Chemotherapy already started 


Radiotherapy Pelvic radiotherapy (if uterus is not 


exposed) 


Vaginal access Virgo intacta 


the indication for the removal and cryopreservation of ovarian tissue, as well as that 
of oocytes (see chapter “Cryopreservation of Unfertilized and Fertilized Oocytes”), 
should not be set too generously (see chapter “Indications for and Against Fertility 
Preservation”). 


Cryopreservation of Ovarian Tissue Versus Cryopreservation 
of Oocytes 


Cryopreservation of ovarian tissue as well as ovarian stimulation and cryopreserva- 
tion of oocytes is possible for most women. In this case, the decision is often based 
on the technical and logistical capabilities of the centre. However, there are also 
factors and criteria, where one of the techniques should be preferred. Under certain 
conditions, only one of the techniques is definitely feasible (Table 4). 
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The easier use of frozen oocytes due to the laparoscopy required to transplant 
ovarian tissue is probably the reason why frozen oocytes (see chapter 
“Cryopreservation of Unfertilized and Fertilized Oocytes”) are more often used to 
generate a pregnancy that frozen ovarian tissue (Table 3). 

In the case of highly gonadotoxic treatments, ovarian stimulation/cryopreserva- 
tion of oocytes can be combined with removal/cryopreservation of ovarian tissue. 
Although both procedures can be carried out in succession, we strongly recommend 
primary removal/cryopreservation of the tissue and only then subsequent ovarian 
stimulation, as tissue quality is very low just after stimulation. Since the oocyte 
quality is not negatively influenced by previous tissue removal, it has become com- 
mon practice to first remove approximately 50% of an ovary and then (i.e. after 
2-3 days) to start ovarian stimulation (see chapter “Ovarian Stimulation to Collect 
Oocytes"). 


Practical Approach 


Prior to Removal 


Before removal of ovarian tissue, the antral follicle count (AFC) should be deter- 
mined by ultrasound measurement, ideally supplemented by measuring the serum 
concentration of anti-Müllerian hormone (AMH) to assess the ovarian reserve. 
Cryopreservation of tissue can thus be avoided if the ovarian reserve is limited. 
Preoperatively, it should also be checked whether and if so on which side a follicle 
is maturing or whether a corpus luteum or a pathological change can be found. The 
ovarian tissue on the side of the corpus luteum or pathological alteration should 
rather not be removed, as the risk of bleeding is greater and the quality of the ovar- 
jan tissue may also be lower. 

It must also be ensured that there is no hepatitis B/C or HIV infection. Exclusion 
of Treponema pallidum infection is also required in Germany. 


Removal 


Due to the unclear effect of methylene blue on follicles and oocytes, saline solution 
should preferably be used for the intraoperative examination of tube patency. If 
there is unilateral tube closure, a tissue sample should be taken from this side. Tissue 
removal should not be performed on the side of the open tube so that the chance of 
spontaneous pregnancy is not reduced. 

An entire ovary or about 50% of an ovary is removed. Tissue is usually removed 
on an outpatient basis by laparoscopy if the patient's state of health permits. 
Unilateral ovariectomy is only necessary in children in who partial ovariectomy is 
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Fig. 1 (a-c): Laparoscopic hemiovariectomy: Single grasping of the surface of the ovary with 
grasping forceps (a), removal of half an ovary with sharp scissors with a straight, clean incision, if 
necessary after single repositioning of the grasping forceps (b), wound surface after punctual bipo- 
lar coagulation of the sources of bleeding with repeated irrigation of the wound surface (c), no 
wound closure (University Women’s Hospital Bern); (d): Ovariectomy with an EndoGIA stapler 
(16, with permission of Catherine Poirot and Anne Fortin, Paris) 


not possible due to the size of the ovary, or if highly gonadotoxic treatments are 
given with a high risk of complete loss of ovarian function. Accordingly, in the 
FertiPROTEKT network, only 3% of women underwent unilateral ovariectomy in 
2018 [15]. 

For an ovariectomy, the supplying ovarian vessels are ligated, and the ovary is 
then removed without electrical coagulation. Alternatively, a stapler (Fig. 1) [16] 
can be used. 

To remove half an ovary, the outer pole is grasped with a pair of forceps. 
Approximately 50% of the tissue is removed antimesenterically with a smooth inci- 
sion (to minimize bleeding), retrieved via a 12-mm trocar and immediately stored in 
a prepared transport medium. The latter is pre-cooled to 4-8 °C. 

Care should be taken if there is bleeding from the ovarian medulla (the central 
areas of the wound surface), as coagulation in this area can lead to damage of the 
supplying vessels and thus necrosis of the rest of the ovary. Coagulation of the 
wound surface and sutures to close the wound area are not necessary. Bilateral 
removal of ovarian tissue should be avoided because of the risk of periovarian adhe- 
sions that can lead to a reduction in fertility. 
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Transport, Cryopreservation and Storage @® 
of Ovarian Tissue chee 


Jana Liebenthron 


Introduction 


According to current knowledge, cryopreservation of ovarian tissue is carried out by 
slow freezing with automatic seeding, whereby controlled production and mainte- 
nance of an equilibrium between the intracellular water and the unfrozen water 
takes place in the low concentration cryoprotective agent. During the slow, precisely 
defined cooling, dehydration of the cells occurs, thereby preventing intracellular ice 
crystal formation and thus irreversible cell damage. The time to equilibrium depends 
on various factors, such as the cell volume of the individual cells in the tissue, the 
ratio of surface area to volume and the permeability of the cell membrane, which 
determines a tissue-specific freezing rate. The aim is a reversible arrest of the cell 
metabolism at — 196 °C, preservation of the structure of the germ cells embedded in 
the follicle and their genetic integrity, acceptable survival rates after cryopreserva- 
tion and thawing and reproducible results. 


Storage and Transport of the Removed Tissue Until 
Preparation and Cryopreservation 


The ovarian tissue should be transferred into a sterile, certified transport medium 
immediately after removal (e.g. Custodiol?, Dr. Franz Kóhler Chemie GmbH, 
Bensheim, Germany) and transported at 4-8 °C to the processing site, where high- 
quality, standardized processing, cryopreservation and storage of ovarian tissue can 
be guaranteed by professional expertise and technology. This tissue facility should 


J. Liebenthron (X) 

UniCareD, University Cryobank for Assisted Reproductive Medicine and Fertility Protection 
at UniKiD Duesseldorf, University Hospital Duesseldorf, Duesseldorf, Germany 

e-mail: Jana.Liebenthron Q unicared.de 


© Springer Nature Switzerland AG 2020 195 
M. von Wolff, F. Nawroth (eds.), Fertility Preservation in Oncological and 
Non-Oncological Diseases, https://doi.org/10.1007/978-3-030-47568-0 22 


196 J. Liebenthron 


ensure that the processing or preparation, including labelling, cryopreservation and 
storage as well as testing are carried out in accordance with current knowledge and 
technology (Section “Tissue Bank Requirements for the Preparation, 
Cryopreservation and Storage of Ovarian Tissue”). 

If preparation/storage and cryopreservation of ovarian tissue cannot be carried 
out directly at the place of removal, the FertiPROTEKT network offers the possibil- 
ity of cooperating with specialized, external and centralized cryobanks. 

The transport there is carried out directly post-operatively in special transport 
containers, which ensure that the cold chain is uninterrupted (Fig. 1). Studies have 
shown that hypothermia of the resected ovarian tissue can last up to 24 h (i.e. over- 
night if necessary) in different transport periods without lasting damage to the fol- 
licle reserve or the success rate after transplantation being adversely affected [1-3]. 
Temperature loggers continuously record the temperature in the transport contain- 
ers. The advantage of this system is its robustness and easy handling when sending 
the stable transport containers. The disadvantage is the need for optimal logistics 
and organization in the dispatch procedures from the tissue removal centres/clinics 
according to the specifications of the centralized cryobanks. A recent study of the 
methods [2] illustrates this and shows that suboptimal transport conditions for the 
samples can occur—caused by incorrect handling and storage of the cooling ele- 
ments, which allow a stable temperature gradient of 4-8 °C for 24 h in the boxes. 
The high pregnancy rates after transplantation of tissue transported in this way as 
well as vitality tests on the transported tissue demonstrate that the transport system 
functions well. There are no detectable restrictions compared to non-transported 
tissue [2]. 


Fig. 1 (a) Transportation box for overnight transportation. (b) Contents of the box: three pairs of 
cooling elements (precooled at 2-8 °C), temperature logger for monitoring transport conditions, 
flask with transportation medium and ovarian tissue, blood for analysing anti-Müllerian hormone 
concentration (AMH) in serum and instruction sheets 
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Considering the transport logistics of centralized cryobanks internationally, 
Denmark, for example uses a transport system in which the removed tissue is trans- 
ported in a sealed container at about 0 °C on ice. The tissue is shipped by land and 
air and reaches the cryobank after a maximum of 4-5 h [4]. The advantage of this 
system is that technical errors with a resulting too high transport temperature are 
unlikely due to the stable temperature of ice. The pregnancy rates after the trans- 
plantation of transported tissue in Denmark [5] also allow the conclusion that this 
transport system also does not lead to relevant tissue damage [1]. 

Both the multiplication rates and the pregnancy and birth rates of both systems 
are comparable to other internationally published success rates. 


Tissue Preparation 


Preparation must be carried out in a sterile Class II laminar airflow cabinet. The 
laminar air flow should stand in a clean room of cleanliness level ‘ISO Class 7/GMP 
Grade B “in operation”, Grade C “at rest”. Processing should ideally take place in 
a separate laboratory, accessible via an airlock, in a contamination-free environ- 
ment in which only ovarian tissue is aseptically prepared and cooled (e.g. using an 
integrated cooling plate, UKH602, FRYKA Kältetechnik GmbH, Esslingen, 
Germany). 

During preparation, the ovarian medulla should be carefully separated from the 
ovarian cortex using precision scalpels and anatomical forceps (Fig. 2), leaving a 
thin residual stroma so that an optimal starting point for neovascularization of the 
grafts is available later [6]. Depending on the size and quality, rectangular cortex 
pieces measuring approximately 4 x 8 x 1 mm? are cut from the prepared cortex, 
cooled in a suitable medium for cryopreservation, equilibrated and then transferred 
into individual cryotubes filled with the same cryopreservation medium [2, 7-9]. 


Cryopreservation and Storage 


The samples are cooled using a computer-controlled slow freezing procedure (e.g. 
using an IceCube 14S-A, SY-LAB, Neupurkersdorf, Austria) according to a modi- 
fied program by Gosden et al. [10] so that they can then be stored permanently in a 
nitrogen gas phase (at —196 °C). 

The selection of a suitable cryoprotectant is an important prerequisite and has a 
significant influence on the successful course of a cryopreservation technique. The 
best survival rates of embedded germ cells as well as intact tissue morphologies 
and cell structures can be demonstrated after cryopreservation and thawing with 
DMSO in combination with an appropriate carrier medium and a protein additive 
[2, 7-9]. 
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Quality Control 


Determination of the Ovarian Cortex Potential Before 
and After Cryopreservation 


The higher the ovarian cortex reserve at the time of removal and before the start of 
oncological therapy, the greater the success of this fertility-preserving method, that 
is the chance of a later pregnancy and birth of a healthy child from the transplants. 
The ovarian reserve can be estimated relatively precisely by ultrasound determina- 
tion of the AFC (antral follicle count), the size of the ovary, the AMH (anti-Müllerian 
hormone) concentration, the age and the additional determination of the primordial 
and primary follicle density in the transplants to be prepared using suitable detec- 
tion methods. 

For this, standardized biopsies are taken from different tissue margins during 
tissue preparation (e.g. 6 x 2 x 1 mm? biopsies [11]). These are then divided into two 
portions of equal size (3 x 2 x 1 mm? each), are both freshly examined and frozen, 
to be later thawed and examined using a vitality assay, e.g. a calcein-acetoxymethyl 
ester AM stain, [11] (Fig. 3) [2, 8, 9]. 

These analysis results from fresh- and thaw tests can be summarized, averaged 
and correlated with the age of the patient at the time of tissue removal, the AMH 
value and the AFC, and the number of tissue strips to be transplanted can be deter- 
mined. As a rule, the amount of ovarian tissue to be transplanted corresponds to 
approximately 15-20% of a whole ovary (one ovary = 100%). Assuming that 50% 
of the ovary has been removed from the patient from which 10 tissue strips measur- 
ing approximately 4 x 8 x 1 mm? have been prepared and cryopreserved, three strips 
are thawed and transplanted in the first transplantation. If the follicle density is low 
and the patient is older at the time of removal (ca. >30 years), the number of tissue 
strips to be transplanted should be increased to 4-5, corresponding to 20-25% of 
the ovary (1 ovary = 100%) [11]. 

These tests also ensure that the tissue removal, its transport, preparation and cryo- 
preservation have not led to any relevant damage (loss of follicles and oocytes) [2, 8]. 

In addition, in vitro tests can also be performed which reflect the overall tissue 
functionality, since only a completely intact ovarian cortex can supply the follicles 
sufficiently and support their growth. Both the measurement of the in vitro glucose 
consumption of standardized cortex biopsies before and after cryopreservation 
(glucose-uptake assay) and the determination of estradiol and progesterone in the 
medium supernatant of cultivated cortex biopsies represent such tests [12]. 


Validation of an Ovarian Tissue Processing Facility 


This validation ensures the quality of the preparation, cryopreservation and thawing 
at each individual centre with the aim of being able to offer an optimal and consis- 
tent standard. 
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Fig.3 (a) Assessment of ovarian cortex potential—before and after cryopreservation of standard- 
ized biopsies using an inverse fluorescence microscope. (b) 3 x 2 mm biopsies in each well after 
digestion with collagenase and staining with calcein AM. (c) Viable/fluorescent primordial and 
primary follicles from a prepubertal patient. (d) Blood vessels and low numbers of follicles from 
ovarian cortex with a corpus luteum 


The FertiPROTEKT network therefore recommends that cryopreserving centres 
have their freezing technique checked by xenotransplantation of ovarian tissue into 
immunodeficient SCID (severe combined immunodeficiency) mice before offering 
transplantation in clinical routine. The aim is to show that the follicles have good 
development potential after cryopreservation and thawing. 


Tissue Bank Requirements for the Preparation, 
Cryopreservation and Storage of Ovarian Tissue 


* The tissue facility must ensure that tissue processing, including labelling, cryo- 
preservation, storage and testing, is carried out in accordance with current scien- 
tific and technical knowledge. 
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* The preparation must be performed in a sterile Class II laminar air flow cabinet 
[7, 8]. The laminar air flow should be located in a clean room of cleanliness level 
“ISO Class 7/GMP Grade B ‘in operation’, Grade C ‘at rest’” [13]. Ideally, pro- 
cessing should take place in a separate laboratory, accessible via an airlock, in a 
contamination-free environment in which only ovarian tissue is aseptically pre- 
pared and cooled. 

* [n accordance with GMP criteria (Good Manufacturing Practice), it must be 
ensured that the patient's infection status is negative before collection (Exclusion 
of hepatitis B and C and HIV infection. Exclusion of Treponema pallidum infec- 
tion is also required in Germany). 

* Additional measurement of the current AMH concentration in serum prior to tis- 
sue removal, ultrasound measurement of the ovaries and the AFC, the age of the 
woman and the density of the primordial and primary follicles serve to estimate 
the ovarian reserve and therefore how much ovarian tissue should later be trans- 
planted (see section "Determination of the Ovarian Cortex Potential Before and 
After Cryopreservation") [7, 8]. 

* The establishment of a method for determining the density of primordial and 
primary follicles to verify that collection, transport, preparation and cryopreser- 
vation have not led to any relevant damage to the follicles and oocytes [9]. 

* Submitted ovarian tissue material should not be released for use until its quality 
can be assessed as satisfactory and can be demonstrated accordingly in writing. 
When tissue is removed, a small sample must also be taken to histopathologi- 
cally exclude malignant cells/metastases [7, 8]. 

* A verifiable quality management system should ensure that these requirements 
are met. 


References 


1. Schmidt KL, Ernst E, Byskov AG, Nyboe AA, Yding AC. Survival of primordial follicles 
following prolonged transportation of ovarian tissue prior to cryopreservation. Hum Reprod. 
2003;18(12):2654—9. https://doi.org/10.1093/humrep/deg500. 

2. Liebenthron J, Montag M, Reinsberg J, Kóster M, Isachenko V, van der Ven K, et al. Overnight 
ovarian tissue transportation for centralized cryobanking: a feasible option. Reprod Biomed 
Online. 2019;38(5):740-9. https://doi.org/10.1016/j.romo.2019.01.006. Epub 2019 Jan 19 

3. von Wolff M, Andersen CY, Woodruff TK, Nawroth F. FertiPROTEKT, Oncofertility con- 
sortium and the Danish fertility-preservation networks - what can we learn from their 
experiences? Clin Med Insights Reprod Health. 2019;13:1179558119845865. https://doi. 
org/10.1177/1179558119845865. eCollection 2019 

4. Rosendahl M, Schmidt KT, Ernst E, Rasmussen PE, Loft A, Byskov AG, et al. Cryopreservation 
of ovarian tissue for a decade in Denmark: a view of the technique. Reprod Biomed Online. 
2011;22(2):162-71. https://doi.org/10.1016/j.rbmo.2010.10.015. Epub 2010 Nov 16 

5. Gellert SE, Pors SE, Kristensen SG, Bay-Bjgrn AM, Ernst E, Yding AC. Transplantation of 
frozen-thawed ovarian tissue: an update on worldwide activity published in peer-reviewed 
papers and on the Danish cohort. J Assist Reprod Genet. 2018;35(4):561-70. https://doi. 
org/10.1007/s10815-018-1144-2. Epub 2018 Mar 1 

6. Donnez J, Dolmans MM. Ovarian tissue freezing: current status. Curr Opin Obstet Gynecol. 
2015;27(3):222-30. https://doi.org/10.1097/GCO.0000000000000171. Review 


202 J. Liebenthron 


7. Bastings L, Liebenthron J, Westphal JR, Beerendonk CC, van der Ven H, Meinecke B, et al. 
Efficacy of ovarian tissue cryopreservation in a major European center. J Assist Reprod Genet. 
2014;31(8):1003-12. https://doi.org/10.1007/s10815-014-0239-7. Epub 2014 Jun 14 

8. Beckmann MW, Lotz L, Toth B, Baston-Büst DM, Fehm T, Frambach T, et al. Concept 
paper on the technique of cryopreservation, removal and transplantation of ovarian tis- 
sue for fertility preservation. Geburtshilfe Frauenheilkd. 2019;79(1):53-62. https://doi. 
org/10.1055/a-0664-8619. Epub 2018 Oct 9 

9. Deutsche Gesellschaft für Gynäkologie und Geburtshilfe (DGGG), Deutsche Gesellschaft 
für Reproduktionsmedizin (DGRM), Deutsche Gesellschaft für Urologie (DGU). Leitlinie: 
Fertilitätserhaltung bei onkologischen Therapien. Level S2k, AWMF Register Nr. 015/082, 
November 2017. http://www.awmf.org/leitlinien/detail/1/015-082.html. 

10. Gosden RG, Baird DT, Wade JC, Webb R. Restoration of fertility to oophorectomized sheep by 
ovarian autografts stored at —196?C. Hum Reprod. 1994;9:597-603. https://doi.org/10.1093/ 
oxfordjournals.humrep.a138556. 

11. Liebenthron J, Reinsberg J, van der Ven H, Saenger N, Kruessel JS, von Wolff M. Serum 
anti-Mullerian hormone concentration and follicle density throughout reproductive life and in 
different diseases - implications in fertility preservation. Hum Reprod. 2019;34(12):2513-22. 
https://doi.org/10.1093/humrep/dez215. 

12. Isachenko E, Isachenko V, Nawroth F, Rahimi G, Weiss JM. Effect of long-term exposure 
at suprazero temperatures on activity and viability of human ovarian cortex. Fertil Steril. 
2009;91(4 Suppl):1556-9. https://doi.org/10.1016/j.fertnstert.2008.09.068. Epub 2008 Nov 20 

13. Mortimer D, Cohen J, Mortimer ST, Fawzy M, McCulloh DH, Morbeck DE, et al. Cairo 
consensus on the IVF laboratory environment and air quality: report of an expert meeting. 
Reprod Biomed Online. 2018;36(6):658—74. https://doi.org/10.1016/j.rbmo.2018.02.005. 
Epub 2018 Mar 2 


Transplantation of Ovarian Tissue A 


Check for 
updates 


Michael von Wolff 


Introduction 


Cryopreserved ovarian tissue can be transplanted and used in vivo and in vitro to 
generate oocytes. It is also possible to use the tissue’s hormone production to induce 
puberty or as a temporary substitute for hormone replacement therapy. 

Generation of oocytes in vitro by maturation of the primordial follicles is still 
experimental and is described in chapter “Further Fertility Preservation Techniques”. 
Using the tissue to induce puberty or as a temporary replacement for hormone 
replacement therapy is at first glance an attractive, apparently physiological option. 
However, this technique is controversial because of its many disadvantages (see 
section “Transplantation to Avoid Hormone Replacement Therapy”). 

Intra-abdominal transplantation of ovarian tissue to generate spontaneous or 
IVF-assisted pregnancies is recognized in many countries, as it offers many advan- 
tages. Transplantation into the abdomen is preferred because the development of the 
follicles intra-abdominally is most favourable due to the pressure and temperature 
conditions there. Transplantation is ideally carried out orthotopically, that is into the 
pelvis in an area that allows spontaneous pregnancy (Table 1). 
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Table 1 Possible advantages and disadvantages of ovarian tissue transplantation 


Advantages of 
transplantation Disadvantages of transplantation 


Spontaneous Pregnancy chances after transplantation cannot yet be precisely 
pregnancy possible quantified due to limited data 

Repeated | Transplantation of ovarian tissue not yet clinically established, optimal 
transplantations | location of the graft, surgical technique and required amount of ovarian 
possible | tissue are still unclear 


Effectiveness and Risks 


Effectiveness 


The data available for assessing the effectiveness of ovarian tissue transplantation is 
still limited. However, since the data from case series published to date show similar 
success rates, the birth rate per transplant can already be estimated. According to the 
larger studies published since 2016 (Table 2), one in four women will have a child 
after a transplant. 

Most pregnancies following ovarian tissue transplantation occur spontaneously, 
which is why the tissue should be located in the ovarian fossa or ovary. According 
to the studies presented in Table 2, the spontaneous pregnancy rate is 66.7%. Gellert 
et al. [5] determined a spontaneous pregnancy rate of 46% in a worldwide survey of 
transplant centres. When interpreting the data, it should be noted that it cannot be 
completely excluded that the pregnancies may also originate from non-transplanted 
ovarian tissue. 

The preference of spontaneous pregnancy instead of IVF therapy also makes 
sense for the following reasons: 

Data from Natural cycle (NC) IVF therapies [7] show that the pregnancy rate per 
transfer in NC-IVFs in women «35 years is approximately 3096. However, since 
only every second cycle leads to a transfer, the pregnancy rate per cycle is only 
about 15% and is therefore only half as high as in spontaneous cycles. Therefore, 
monofollicular IVF without indication for IVF therapy is less effective than an 
attempt of spontaneous pregnancy. In addition, the effectiveness of IVF after ovar- 
jan tissue transplantation is lower in most hypergonadotropic women than in normal 
normogonadotropic women [2, 8]. It is probably more sensible to initially aim for 
spontaneous pregnancy if the patient has regular cycles, open fallopian tubes and 
normozoospermia. 

Van der Ven et al. 2016 [1] analysed success rates depending on the woman's age 
at cryopreservation. These data show a strong age dependency of the success rate 
with a significant decrease in women 235 years. In women «35 years it was 37.896 
and in women >35 years only 15.4%. 

Transplants are performed for many different diseases, with various techniques 
and under different conditions, as demonstrated by some of the transplants in the 
FertiPROTEKT network [22] (Table 3). 

A clear correlation of the success rate with the amount of transplanted tissue and 
the follicle density has not yet been proven [9]. 
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A birth rate of 50% per transplanted woman appears realistically achievable with 
optimized transplantation techniques and after repeated transplantations of tissue 
cryopreserved at the age of <35 years; however, this must still be confirmed in 
future studies. 


Risks 


Transplantation of ovarian tissue requires a laparoscopy, possibly also a laparotomy. 
The transplantation is usually performed laparoscopically. Transplantation into the 
pelvic peritoneum (Fig. 1) is always possible by laparoscopy. Transplantation onto 
the ovary can also be carried out laparoscopically (Fig. 4) or robot-assisted [10], but 
high surgical expertise is required. The risk of surgery when transplanting ovarian 
tissue is no higher than with any other laparoscopy, since women generally have a 
good state of health at the time of surgery. If the transplantation is performed by 
laparotomy, the surgical risks are slightly higher, convalescence is longer, and the 
cosmetic results are not as good as after laparoscopy. 

The risks of malignant cell transmission were described in chapter “Removal of 
Ovarian Tissue“. 


Techniques to Improve the Effectiveness of Transplantation 


Ovarian tissue can be transported and cryopreserved (see chapter “Transport, 
Cryopreservation and Storage of Ovarian Tissue”) apparently without a relevant 
reduction in primordial follicle density. The tissue only loses a large part of the 
primordial follicles after the transplantation due to postoperative ischemia, caused 
by the initial lack of vascularization of the tissue. Therefore, various measures have 
been proposed to minimize this reduction (Table 4). However, these are still experi- 
mental and further studies must be awaited. 


Transplantation to Avoid Hormone Replacement Therapy 


Since the transplanted ovarian tissue is active for several years [17] and cyclically 
produces estradiol through the associated folliculogenesis, it is possible to use this 
tissue as a kind of “tissue hormone replacement therapy” (TRT) [18] instead of 
conventional “hormone replacement therapy” (HRT). However, endocrinologists 
[18] are critical of this procedure because: 


e Surgery is always necessary for transplantation. 
* The physiological production of progesterone by the tissue in women without a 
uterus is not necessary and is even counterproductive from a health point of view. 
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Table 4 Experimental techniques in animals to improve transplant effectiveness 


Transplant treated with: 


Vascular endothelial growth factor 
(VEGF) [11] 


Rationale 


Improvement of 
angiogenesis 


Effect 


Primordial follicle 
survival rate f 
Vascular density in the 
graft 1 


Gonadotrophin (HMG) [12] 


Anti-Müllerian hormone (AMH) [13] 


Optimization of 
folliculogenesis 


Reduction in follicle 
recruitment 


Number of surviving 
follicles T 
Vascularization f 
VEGF-expression f 


Percentage of primordial 


follicles T 


Apoptosis inhibitors e.g. sphingosine 
1-phosphate (S1P) [14] 


Reduction of apoptosis 


Number of apoptotic 
follicles | 
Vascular density T 


l Co-transplantation with stem cells [15] 


Improvement of 
angiogenesis 


Number of surviving 
follicles T 
Vascularization T 


Patient treated with antioxidants, e.g. 
melatonin [16] 


Reduction of oxidative 
activity 


Follicle survival rate T 


* The amount of hormone cannot be controlled. 
* Hormone secretion can only be stopped by another operation. 
* The procedure is considerably more expensive than drug-based hormone replace- 


ment therapy. 


* Furthermore, the risk of transmitting malignant cells should be considered. 


The same applies to the transplantation of ovarian tissue to induce puberty [19]. 
Therefore, these procedures should be described as experimental and should only be 


used under study conditions. 


Practical Approach 


Introduction 


There are different surgical approaches and techniques. With increasing invasive- 


ness, these include: 


* laparoscopy (with or without the use of a surgical robot) 


e mini laparotomy and 
* laparotomy 


Ideally, the least invasive approach should be chosen without reducing the effec- 


tiveness of the transplant. 
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There are also various transplant locations. With increasing similarity to natural 
localization, these include: 


* subperitoneal heterotopic transplantation into the abdominal wall 
* orthotopic transplantation into the broad ligament of the uterus 

* orthotopic transplantation into the lateral pelvic peritoneum 

* orthotopic transplantation into the ovary and 

* orthotopic transplantation on the decorticated ovarian surface 


However, this does not imply that the best transplant location in accordance 
with natural conditions is also the best. For example, a transplant into the well- 
perfused pelvic peritoneum may be better than a transplant into or onto an atro- 
phic ovary. 

The preferred techniques of transplantation and localization of the graft are still 
unclear. The surgical procedure depends strongly on the transplant centre's surgical 
expertise and technical equipment. 

Therefore, only a few possible surgical techniques are presented here. Further 
techniques and instructive videos can be found as “peer reviewed published" videos 
on YouTube [6, 10]. 


Prior to Transplantation 


The tissue is thawed by specially trained biologists shortly before transplantation. It 
is still unclear how much ovarian tissue should be transplanted. In the transplants 
that led to pregnancy in the FertiPROTEKT network [1], after cryopreservation of 
approximately 5096 of an ovary, usually 1/3 to 1/2 of the preserved tissue (approxi- 
mately 15-20% of an ovary; one ovary = 100%) was transplanted. Other centres 
transplant larger amounts of tissue, especially after cryopreservation of a 
whole ovary. 

During the transplantation, the patency of the tubes should be checked, and a 
hysteroscopy should be considered if necessary. 


Transplantation into the Pelvic Peritoneum (Figs. | and 2) 


The parietal peritoneum is incised lateral to the ovary over a length of approxi- 
mately 0.5-1 cm. A subperitoneal pouch is bluntly prepared and the pieces of tissue 
inserted so that the cortex surfaces face the uterus. The pieces of tissue should lie 
next to each other and not on top of one other. The peritoneum is usually closed with 
a single suture (e.g. with PDS 5-0). If the pouch is deep enough, closure may not be 
necessary. 
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Fig. 1 Subperitoneal transplantation of ovarian tissue into the peritoneal wall (University 
Women’s hospital Bern, Switzerland) 
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Fig. 2 Detailed illustration of subperitoneal transplantation of ovarian tissue into the peritoneal 
wall (University Women’s hospital Bern, Switzerland) 


Transplantation into the Ovary (Fig. 3) 


The tissue is ideally transplanted into the larger ovary and thus usually into the 
organ from which the ovarian tissue was not removed before gonadotoxic treatment. 
The ovary is incised, resulting in a subcortical pouch. If this is not possible, it is 
incised centrally. If possible, the pieces of tissue are aligned in the pouch so that the 
cortex surfaces face the outer surface of the ovary. The ovary is usually closed with 
single sutures. 
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Fig. 4 Transplantation of ovarian tissue onto the ovary (University Women’s hospital Bern, 
Switzerland) 


Transplantation onto the Ovary (Fig. 4) 


Transplantation onto the surface of the ovary requires the tissue pieces to be of suf- 
ficient size that they can be fixed. It has been described in the literature that the 
surface of the ovary is first decorticated before the tissue pieces are fixed [20]. 
However, this is hardly possible laparoscopically and if so, only with a smooth 
ovary surface. There is also a risk of losing a relevant amount of cortex, which is 
either still active. Therefore, the surface of the ovary can be incised with scissors, 
which opens a wound gap that is widened bluntly. The pieces of tissue can be fixed 
to these with single sutures (e.g. with PDS 5-0). Fixation with fibrin glue and cover- 
ing with Interceed® mesh has been reported [21]. 


Follow-Up 


The first signs of ovarian tissue activity appear after approximately 2-3 months but 
possibly also only after 6 months. Figure 5 shows an ectopic ovary after a subperi- 
toneal transplant and the ovary after a transplant onto the ovary. 


212 M. von Wolff 


Fig.5 Ovarian tissue after transplantation (left: follicle after subperitoneal transplantation into the 
peritoneal wall; right: after transplantation onto the ovary) (University Women’s Hospital, Bern, 
Schweiz) 


If there is tubal patency and no other relevant sterility factor, spontaneous preg- 
nancy can be attempted. Cycle monitoring is often carried out, ovulation is induced 
with HCG and the timing of sexual intercourse is optimized. The many spontaneous 
pregnancies achieved confirm that spontaneous conception should be attempted for 
at least 6 months. If pregnancy does not occur or if there is another relevant infertil- 
ity factor, IVF can be carried out, possibly combined with ICSI. Gonadotropin stim- 
ulation to generate several follicles can be tried, but this often does not lead to a 
multifollicular reaction due to the usually low ovarian reserve. Alternatively, modi- 
fied “Natural Cycle IVF” can be performed [7]. 

Further details on follow-up after transplantation are described in chapter 
“Infertility Treatment After Fertility Preservation Therapies”. 
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Introduction 


The use of gonadotropin-releasing hormone agonists (GnRHa) in the context of 
fertility preservation is based on the consideration that the resulting pituitary down- 
regulation and ovarian dysfunction could reduce the sensitivity of the ovarian tissue 
to cytotoxic effects. 

However, primordial follicle activation is gonadotropin independent, which does 
not plausibly explain an influence on this pathway [1]. Since many chemotherapeu- 
tic drugs also influence non- or low-metabolic as well as actively dividing cells in 
the same way, this mechanism of action must be critically questioned. 

There is currently no specific molecular explanation for the effective action of 
GnRHa on fertility preservation [2]. 

GnRHa can be used i.m. (once daily, monthly or as a 3-month depot), s.c. (once 
daily) or intranasally (two to three times daily). They bind to the specific pituitary 
receptor and lead to an initial “flair-up effect" over about 5-7 days, where short- 
term significantly increased gonadotropin secretion occurs. After the pituitary FSH/ 
LH store empties, there is a decrease in the serum gonadotropin concentration, lead- 
ing to the desired subsequent ovarian dormancy. 

GnRH agonists (GnRHa) and GnRH antagonists (GnRHant) can be differenti- 
ated depending on their effect on the GnRH receptor of the pituitary gland. The 
latter leads to a blockade of the GnRH receptor and therefore of pituitary FSH and 
LH release within only about 8 h. 

An initial combination of GnRHa with GnRHant did not completely prevent the 
flair-up effect but significantly reduced it in most patients [3]. 
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Effectiveness 


Numerous studies are now available as the basis for several meta-analyses in the 
recent years. Disadvantages of some studies are the heterogeneous collectives and 
suboptimal outcome parameters (amenorrhea rate or FSH value) instead of AMH 
value measurement (anti-Müllerian hormone) in the serum pretherapeutically and 
after a sufficiently long follow-up after the end of therapy. Concern has long been 
raised that the use of GnRHa in hormone receptor-positive tumours could affect the 
responsiveness of tumour cells to chemotherapy. However, literature data could not 
confirm this assumption [4]. 

Since 2014, various studies investigating parallel chemotherapy/GnRHa admin- 
istration have shown a significantly lower rate of premature ovarian insufficiency 
(POD in different cancer types (breast cancer, ovarian cancer, lymphoma) [5] and in 
women with breast cancer [6-8]. In one meta-analysis with breast cancer, ovarian 
cancer and lymphoma patients, POI risk was reduced but reduction did not reach 
significance [9]. 

Two meta-analyses did not demonstrate any effect on the clinical and laboratory 
parameters investigated in breast cancer patients [10, 11]. 

Two prospective randomized studies [7, 12] and two meta-analyses [6, 8] showed 
a significantly higher pregnancy rate in the GnRHa group in addition to the above- 
mentioned positive influence on the POI rate (Table 1; Figs. 1 and 2). 

As a result of the studies mentioned above, in 2020, the Breast Commission of 
the German Gynaecological Oncology Working Group (AGO e.V.) decided to 
recommend GnRHa for fertility preservation, independent of the hormone 
receptor [13]. 

The current Cochrane analysis which included patients with breast cancer, ovar- 
ian cancer and Hodgkin's lymphoma confirms the protective effect of GnRHa on the 
maintenance of ovarian function but calls for further studies into the effects on fer- 
tility [14]. 


Long-Term Fertility-Protective Effect 


A criticism of the studies is the short follow-up period and the resulting question of 
whether a fertility-protective effect of GnRHa would be detectable over several years. 

Demeestere et al. [15] studied 67 lymphoma patients (26.2 + 0.6 years) over a 
median follow-up of 5.3 (GnRHa group) or 5.6 years (control group). After this time, 
they found no significant difference in the POI rate or in serum AMH and FSH values. 

Lambertini et al. [16], however, confirmed a long-term protective effect on ovar- 
ian function in breast cancer patients with a median follow-up of 7.3 years 
(6.3—8.2 years). The cumulative 5-year incidence of a maintained menstrual period 
was 72.6% (95%CI, 65.7%-80.3%) in the GnRHa group vs. 64.0% (9596CI, 
56.2%-72.8%) in the control group. Adjusted for age, there was a significant differ- 
ence (Hazard ratio 1.48; 95%CI, 1.12-1.95; P = 0.006). 


GnRH Agonists 


217 


Table 1 Relevant Study Results Between 2014 and 2018 


Literature | Design Results with GnRHa 
Del Mastro | Meta-analysis (patients with — | — Significant reduction of POI: 
et al. 2014 | breast cancer, ovarian cancer, OR 0.43 (0.22-0.84) 
[5] lymphoma) 
Vitek et al. | Meta-analysis (patients with | — No significant difference regarding recovery of 
2014 [11] | breast cancer) menstruation: 
OR 1.47 (0.60-3.62) 
Moore et al. | Prospective-randomized study | — Significant reduction of POI: 
2015 [7] (patients with breast cancer) OR 0.30 (0.09-0.97) 
— Significant higher pregnancy rate (21 vs. 11%) 
— Significant higher disease free (P = 0.04) and 
overall survival (P = 0.05) 
Elgindy Meta-analysis (patients with |- No significant difference regarding recovery of 
et al. 2015 | breast cancer) menstruation: 
[10] RR 1.12 (0.99-1.27) 
— No significant difference regarding FSH. AMH 
and AFC (Antral follicle count) 
Munhoz Meta-analysis (patients with — | — Significantly higher rate of eumenorrhea 6 and 
et al. 2016 | breast cancer) minimum of 12 months after last chemotherapy: 
[8] OR 2.41 (1.40-4.15) and 1.85 (1.33-2.59) 
— Significantly higher pregnancy rate: 
OR 1.85 (1.02-3.36) 
Lambertini | Meta-analysis (patients with — | — Significant reduction of POI: 
et al. 2018 | breast cancer) OR 0.38 (0.26-0.57) 
[6] — Significantly higher pregnancy rate: 
OR 1.83 (1.06-3.15) 
Hickman Meta-analysis (patients with | — Higher POI rate without GnRHa: 
et al. 2018 | breast cancer, ovarian cancer, OR 1.83 (1.34-2.49. Not significant) 
[9] lymphoma) 
Moore et al. | Prospective-randomized study |- Significantly higher pregnancy rate (23.1 vs. 
2019 [12] (longer follow-up than [7]) 12.2%) 
(patients with breast cancer) |— No significant difference in disease-free 
(P = 0.09) and overall survival (P = 0.06) 
GnRHa Control 
Study Events/pts Events/pts OR 95% Cl 
| 
PROMISE-GIM6 16/148 40/133 —® — 0.29 0.15 to 0.57 
1 
POEMS/SWOG S0230 5/66 15/69 — +: - 0.33 0.1010 1.14 
| 
Moffitt-led trial 3/26 2/21 + 1.17 0.14 to 9.55 
1 
GBG-37 ZORO 6/28 13/29 ————— 0.54 0.14 to 2.07 
1 
OPTION 21/95 41/107 — H8 — 0.41 0.20 to 0.81 
Overall (I = 0%, P=.726) 51/363 111/359 e 0.37 0.2510 0.57 
| 
T - T 
.0982 1 10.2 
E > 
GnRHa better Control better 


Fig. 1 POI risk of breast cancer patients with and without GnRHa [6] 
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GnRHa Control 

Study Events/pts ^ Events/pts IRR 95% CI 
i 

PROMISE-GIM6 8/148 3/133 —+ e> 2.52 0.67 to 9.50 
I 
l 

POEMS/SWOG S0230 22/105 12/113 s 1.77 0.87 to 3.57 
I 
l 

OPTION 7/106 5/121 — a 1.54 0.49 to 4.85 


Overall (I = 096, P=.852) 37/359 20/367 1.82 1.050 3.14 


T T 
.105 1 9.5 


-———— — r 
Control better GnRHa better 


Fig. 2 Pregnancy rate in breast cancer patients with and without GnRHa [6] 


Regarding the longevity of the GnRHa protective effect, there is a need for fur- 
ther clarification in the absence of further studies. 


Risks (Including Recurrence Rate) 


In principle, GnRHa can lead to menopausal symptoms. However, suppression of 
the ovarian function results anyway during chemotherapy, and such symptoms are 
possible a few days earlier at the most as a result of the previously adminis- 
tered GnRHa. 

The irreversible loss of bone density that can occur with administration for 
>6 months is normally irrelevant because chemotherapy usually does not exceed 
this duration. 

There is currently no evidence to support the above-mentioned assumption that 
GnRHa could theoretically impair the efficacy of chemotherapy in hormone recep- 
tor—positive tumours [4]. Regan et al. [17] found no negative influence of GnRHa 
on the disease-free interval in a follow-up of up to 5 years after the end of chemo- 
therapy in breast cancer patients. 


Procedure 


If there is little time remaining between the consultation and the planned start of 
chemotherapy, the pituitary (and thus also ovarian) down-regulation could be short- 
ened by additionally combining the first GnRHa dose with a GnRHant for a 
few days. 


GnRH Agonists 219 


Fig. 3 Application 
of GnRHa 


Chemotherapy 


M > 


0 5-7* days 
*also earlier start of chemotherapy possible 
according to expert opinion 


As already mentioned, it is not known whether the flare-up must be awaited or 
prevented at all, since the primordial follicles to be protected—as described above— 
are not gonadotropin sensitive. According to current expert opinion, chemotherapy 
can also be started more quickly after GnRHa administration. 

A depot GnRHa should be injected repeatedly so that the down-regulation lasts 
about 1—2 weeks beyond the last chemotherapy cycle. 


Practical Application 


The practical procedure is shown in Fig. 3. 
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Ovarian Transposition A) 


Check for 
updates 


Matthias Korell 


Introduction 


The reason for ovarian transposition is to protect them from planned radiotherapy. 
This procedure was first described in 1958 in women with cervical cancer [1]. The 
method was published in 1970 for women undergoing Y-field irradiation for 
Hodgkin’s lymphoma [2]. 

The objectives were to preserve endocrine ovarian function and to enable con- 
ception after oncological treatment. There is no standard terminology in the litera- 
ture—there is mention of “ovarian transposition”, “lateral or medial ovariopexy”, 
“ovarian suspension” or “oophoropexy”. 

The effects of radiotherapy on ovarian function are considerable. A radiation 
dose of 2 Gy to the ovaries (LD50) reduces the follicle density by half [3]. The 
radiation dose for complete elimination of ovarian function in a 30-year-old woman 
is 16 Gy [4]. Further information on the gonadotoxicity of radiotherapy is given in 
chapter “Indications for and Against Fertility Preservation”. 

An indication for transposition can made especially if the ovaries lie directly in 
the radiation field or lie close to the radiation field, but radiation exposure is still 
possible (Table 1). 

The extent of damage to the ovaries caused by radiotherapy can be quantified by 
determining the concentration of AMH (anti-Müllerian hormone). AMH can also be 
used as a marker of the ovarian reserve in childhood [5]. Inhibin and FSH, on the 
other hand, are less suitable for monitoring progress. 

The question of whether a uni- or bilateral ovarian transposition should be per- 
formed prior to a radiotherapy can only be decided individually. In addition to the 
expected gonadotoxicity (taking into account any additionally planned chemother- 
apy), the possible wish for unilateral transposition plays a role in allowing 
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Table 1 Frequent diseases Hodgkin’s lymphoma 
with a possible indication for 


ovarian transposition when 


radiotherapy is performed in 
the pelvis Ewing’s sarcoma of the pelvis 


Non-Hodgkin’s lymphoma 


Rectal cancer 


Cervical cancer 


Other indications for pelvic radiation 


Table 2 Advantages and disadvantages of ovarian transposition prior to radiotherapy 


Advantages 


Established procedure 


High chance of preserving ovarian function 


Can be combined with cryopreservation of ovarian tissue 


Can be combined with other surgical procedures (e.g. lymph node dissection) 


Disadvantages 
Time needed approximately 1 week 


. Operation necessary (laparoscopy) 


Reduced success rate in combination with chemotherapy (possibly also cryopreservation of 
oocytes and/or ovarian tissue necessary) 


Very low chance of spontaneous pregnancies due to tubal dysfunction and especially if 
simultaneous radiotherapy to the uterus is performed 


spontaneous conception via the remaining contralateral side. The advantages and 
disadvantages of ovarian transposition are summarized in Table 2. 


Effectiveness 


The results of ovarian transplantation before radiotherapy depend on various factors 
and are therefore difficult to quantify. In a meta-analysis of 32 publications with a 
total of 1189 patients, a success rate in terms of preserved ovarian function is given 
as 70% (17-95%) [6]. However, a publication bias is possible, since many cases or 
studies with a low success rate are unlikely to have been published [7]. 

In addition to age, the factor influencing effectiveness is the additional use of 
chemotherapy, whereby monotherapy as a “radiosensitizer” has a lower impact than 
combination therapy [8, 9]. 

Furthermore, the success rate of ovarian transplantation is also determined by the 
surgical technique. Different techniques such as cranial, lateral, medial and anterior 
transposition are described [10]. Due to the inhomogeneity of the collectives and the 
lack of prospective randomized studies, no reliable statement can be made when 
comparing the different techniques. 

However, the importance of the new position of the ovaries has been proven. The 
decisive factor here is the distance to the radiation field, since approximately 10% 
of the radiation dose is still effective at a distance of 10 cm from the radiation field 
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[11]. Despite transposition, radiotherapy to the entire pelvis leads to ovarian insuf- 
ficiency much more frequently than localized afterloading (35% vs. 6%) [12]. For 
this reason, the surgeon must consult carefully with the radiotherapists before the 
planned transposition. 

The positioning level is also a relevant prognostic factor. In a multivariate analy- 
sis, the height of the transposed ovary with an odds ratio of 11.7 was the most rel- 
evant prognostic factor for maintenance of ovarian function. The ovary should lie at 
least 2 cm above the iliac crest [13]. A safety distance of about 2 cm must also be 
considered, as the position of the ovaries can change postoperatively [14]. 

Data on the effectiveness of ovarian transplantation in terms of the chance of 
later pregnancy and birth is limited, especially since pregnancies do not occur very 
often after transplantation [15]. This may also be due to the fact that there may no 
longer be a desire to have children after the end of oncological treatment, or the use 
of assisted reproductive techniques is not considered [16]. Radiation of the uterus 
has also been shown to reduce the chances of pregnancy (see chapter “Pregnancy 
After Chemotherapy and Pelvic Radiotherapy”). Here, a “uterine transposition” in 
women with anal or rectal carcinoma could possibly reduce the radiation dose for 
the uterus [17]. Further investigations must be carried out for a more precise evalu- 
ation and description of this surgical technique. 

Fernandez-Pineda et al. [18] compared women with Hodgkin’s lymphoma with 
pelvic radiation with and without ovarian transposition. Transposition was per- 
formed in 49 women but not in 41. Transposition was defined as retro-uterine fixa- 
tion of the ovaries in the median line. This technique did not lead to a reduction in 
the POI risk nor to an improved chance of pregnancy. These data indicate a prefer- 
ence for high ovarian transposition. However, this later requires an assisted repro- 
ductive technique due to the fallopian tubes being dissected. 


Risks 


The surgical risks of ovarian transplantation can be classified as low. In most cases, 
the procedure can be performed by laparoscopy. If an operation is performed for 
another indication, the ovarian transposition can be performed simultaneously with- 
out significantly increasing the complication rate. 

Ovarian cysts rarely form postoperatively and are more an expression of 
impaired ovarian function [6]. In most cases, however, these cysts do not require 
treatment. 

Ovarian metastases seem to occur more frequently in cervical adenocarcinoma 
(1.7%) than in squamous cell carcinoma (0.5%) [19]. The frequency of metastases 
at the trocar insertion sites (“port site metastasis”) is stated as <1% [6]. 
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Practical Approach 


The abdomen is first examined usually via laparoscopic access. It is particularly 
important to exclude the possibility of intra-abdominal tumour spread. Other indi- 
cated interventions such as lymphonodectomy should be performed first [18]. A 
simultaneously planned cryopreservation of ovarian tissue should also be preferred, 
and the ovary closed with a suture. 

It is often necessary to detach the adnexa from the uterus after visualization of 
the ipsilateral ureter (Fig. 1a) before detaching the ovary and fallopian tube (Fig. 1b). 
Stapling devices can ideally be used to avoid coagulation, which could impair the 
ovarian function. The ovary is marked with titanium clips to localize the ovaries by 
the radiologist. 

The infundibular pedicle is prepared cranially (Fig. 1c) until tension-free fixation 
of the ovary in the target position is possible. Coagulation and/or torsion of the ovar- 
ian vessels must be avoided. The blood flow can be visualized well using the tube, 
whereas this is not possible with the ovary. The ovary is fixed in the target position, 
for example with simple interrupted sutures (Fig. 1d). 

To avoid intestinal obstruction, the vascular pedicle should also be fixed to the 
abdominal wall. 


Fig. 1 Pictures of endoscopic transposition with step-by-step subdiaphragmatic relocation of the 
ovary. (a) Retroperitoneal preparation to visualize the ureter and mobilization of the adnexa. (b) 
Detaching of adnexa with a linear cutter. (c) Preparation of the cranial ovarian vessels. (d) Fixation 
of adnexa by suture 
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Cryopreservation of Sperm and Testicular @ 
Tissue che 


Sabine Kliesch 


Introduction 


Cryopreservation of semen is the preventive treatment option to enable male adoles- 
cents and adults who have a fertility disorder or who are threatened by infertility [1, 
2]. According to recent publications, informing oncological patients about the pos- 
sibility of cryopreservation before a potentially gonadotoxic treatment can still be 
improved and only reaches 39% of those affected [3]. A corresponding consensus- 
based German Austrian Swiss guideline (AWMF-S2k) on “Fertility Maintenance in 
Oncological Diseases” was therefore drawn up under the auspices of the gynaeco- 
logical, reproductive and urological professional associations in Germany and pub- 
lished in 2018 [4]. 

However, non-oncological diseases can also be associated with a potentially 
gonadotoxic or germ cell-reducing (surgical) treatment and should be reason to dis- 
cuss fertility preservation measures such as the cryopreservation of sperm. 

The World Health Organization, WHO, also recommends that men who want to 
undergo elective vasectomy should be advised on preoperative cryopreservation of 
sperm [5, 6]. In men who have no sperm in the ejaculate (azoospermia) or cannot 
ejaculate, there is the possibility of obtaining and cryopreserving sperm from the 
testicular tissue by surgical scrotal exploration and testicular sperm extraction, ide- 
ally microsurgically [2, 7, 8]. In very rare cases, retrograde ejaculation (post- 
traumatic, post-operative or post-radiogenic) allows the cryopreservation of sperm 
from urine or after rectal stimulation. 

For prepubertal boys or early adolescents whose spermatogenesis is not yet 
mature, the only experimental option currently available is the removal of testicular 
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tissue from the immature tissue in which the spermatogonial stem cells rest and can 
be cryopreserved [9, 10]. 

In 2012, the Munster working group in Germany led by S. Kliesch and S. Schlatt 
founded the German “Androprotect” network, which created the framework and 
conditions for these measures in Germany [11]. This network currently includes 
five centres in Germany (another four are in the application phase), which offer this 
fertility preservation measure to affected children and their parents in cooperation 
with the Miinster Centre of Reproductive Medicine and Andrology. 

Prepubertal testicular tissue collection with spermatogonial stem cells was also 
included in the above-mentioned German, Austrian and Swiss AWMF-S2k guide- 
lines in 2018 [4]. 

Internationally, the *Nordfertil" network (Nordic Centre for Fertility Preservation) 
in the Nordic countries was founded in 2013 and the Oncofertility Consortium in 
the United States in 2006, the latter having been comfortably provided with start-up 
financing of $20 million. Within the framework of research alliances, intensive 
work has also been carried out in Europe (“GROWSPERM”, 2014-2019) on the 
further development of the methodology in order to achieve re-fertilization of the 
affected person from testicular stem cells using in vitro or in vivo procedures at a 
later point in time [8, 12]. A breakthrough was published in Pittsburgh in 2019: it 
could be proven for the first time that prepubertal testicular tissue obtained from 
testicles after transplantation in non-human primates leads to the maturation of sem- 
iniferous tubules and mature spermatozoa which, using intra-cytoplasmatic sperm 
injection, ICSI, resulted in pregnancy and subsequently in the birth of a monkey 
baby (“Grady”, graft-derived baby) [13, 14]. 


Indication for Cryopreservation of Sperm 
and Testicular Tissue 


The indication for cryopreservation of sperm and testicular tissue extends to all 
systemic treatments that have potential gonadotoxic effects, as well as to all local 
treatments that may affect gonadal function directly or via their control mecha- 
nisms. In addition, there is a medical need for fertility preservation in surgical 
procedures that have a long-term adverse effect on sperm deposition (ejaculation 
and/or erection). In countries where the use of cryopreserved semen samples is 
also permitted posthumously, cryopreservation is also recommended for men 
within the scope of a hazardous activity, e.g. military service [2]. In principle, it 
is possible for every man to create a fertility reserve (“social freezing”) [15] 
(Tables 1 and 2). 
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Table 1 Advantages and disadvantages of sperm cryopreservation 


Advantages of sperm cryopreservation 


Disadvantages of sperm cryopreservation 


Creation of a cryodepot for later fertility 
treatment. 

In principle, cryopreservation is also possible 
with <100,000 sperm. 


The cryodepot can be transferred to the 
respective place of residence of the owner for 
fertility treatment, taking into account the 


The sperm lose up to 50% of their vitality 
through the process of freezing and later 
thawing. This means that if the sperm quality is 
very limited (<100,000 sperm), it must be 
checked whether the quality after thawing also 
represents an effective fertility reserve. 


Depending on country-specific regulations, the 


costs of the procedure must be (proportionately) 
borne by the patients themselves or are covered 


legal requirements. by the health insurance companies. 

If the semen quality is very good and the The use of cryopreserved sperm cells is only 
semen deposit is large enough, simple reasonably possible using ICSI therapy for most 
methods of fertility treatment, such as of those affected. 

intrauterine insemination, may also be used. 

When cryopreserving sperm from urine or Due to the environment, sperm from the urine is 
after rectal electrostimulation, the quality of | only very rarely suitable for cryopreservation. In 
the sperm must be checked carefully after this case, a testicular tissue removal for sperm 
freezing and thawing, since there is often a extraction can be advantageous. 

complete loss of vitality. Cryopreservation is bound by country-specific 


legal requirements. 


Table 2 Advantages and disadvantages of cryopreservation of testicular tissue 


Advantages of testicular tissue cryopreservation 


In the absence of sperm in the ejaculate 
(azoospermia), cryopreservation of sperm from 
testicular tissue is the only option for 
maintaining fertility. Taking into account the 
legal framework, microsurgical surgical 
techniques are currently the accepted standard. If 
these are not regionally available, there is the 
possibility of multilocular tissue removal, 
possibly with the higher risk of bleeding and 
greater traumatization of the remaining testicular 
parenchyma. This procedure can be used in late 
and postpubertal adolescents and in men. 


Disadvantages of testicular tissue 
cryopreservation 


* This is a surgical technique measure which 
must be carried out in specialized centres. 

* Due to the intervention, the initiation of 
oncological treatment may have to be 
postponed for a few days. 

* The use of testicular (or epididymal) sperm 
for fertility treatment is only possible as 
part of ICSI therapy. 


The cryopreservation of immature testicular 
tissue in prepubertal or early pubertal boys 
focuses on the freezing of gonadal stem cells 
using special techniques (DMSO based). 


The cryopreservation of immature testicular 
tissue in prepubertal or early adolescent boys 
is still experimental, and it cannot currently 
be guaranteed that the later generation of 
fertilizable sperm cells can actually take 
place, even if this has been shown in 
principle in animal experiments and in vitro. 


Sperm can be aspirated microsurgically from the 
epididymis (MESA) if there is uncorrectable 
obstruction of the draining seminal ducts. These 
sperm are more mature and motile than testicular 
sperm. 


The motility of sperm from the epididymis is 
a problem because they are exposed to 
cryopreservation without the protective 
testicular tissue. 


232 S. Kliesch 


Effectiveness and Risks 


Effectiveness 


Cryopreservation of sperm from the ejaculate is an effective therapy, but it is accom- 
panied by an approximately 50% loss of vital cells. Of the patients presenting for 
cryopreservation of sperm, 40% have a testicular tumour, followed by patients with 
leukaemia, lymphoma or sarcoma [2]. Approximately 20% of all tumour patients 
are azoospermic or unable to ejaculate at the time of the disease. For these patients, 
surgical sperm extraction by means of testicular sperm extraction, ideally using 
microsurgical techniques, is the only preventive therapy alternative. This procedure 
gives 60-70% of these patients the chance to freeze fertilizable sperm [2]. Around 
50% of couples using the crypreserved sperm will get a baby (see chapter “Infertility 
treatment after fertility preservation therapies"). 

The use of cryopreserved sperm samples is particularly useful for patients with 
oncological diseases, due to the often young age of the patient when a partnership 
does not yet exist and often only years after completion of the therapy in the “cured” 
stage with a time delay. Older studies as well as current investigations show the use 
of cryopreserved sperm in about 8-11% of patients [1, 16, 17]. Unfortunately, 
around 12% of patients die as a result of the severity of their illness [16]. A temporal 
recovery of spermatogenesis (sometimes delayed for years) leads to disintegration 
of the cryodepots, whereby the percentages can be very variable, and 16% of cryo- 
depots were affected in a meta-analysis [17]. Men who used their cryodepots expe- 
rienced the birth of at least one child in almost half of the cases, with ICSI therapy 
showing the highest success rates [16, 17]. 


Risks 


There are no risks for the patient associated with the preventive therapy of sperm 
cryopreservation. Regarding later offspring, there is no evidence that the use of 
cryopreserved sperm samples from oncologically or non-oncologically diseased 
patients is associated with an increased risk of malformation of the offspring. 
However, there are risks in using ICSI therapy per se, which—according to current 
knowledge from the problems inherent in couples—is associated with a 1.3-fold 
higher risk of malformation of the offspring [18]. Genetic counselling prior to initi- 
ating ICSI therapy is therefore recommended for all couples and is required by the 
German, Austrian and Swiss AWMF S2k guideline “Diagnostics and therapy prior 
to assisted reproductive medical treatment" [19, 20]. 

There is also no risk of tumour cell transmission when using cryopreserved 
sperm cells in fertility treatment. This also applies to testicular sperm. Testicular 
sperm are often obtained from regions adjacent to the testicular tumour, especially 
in patients with a testicular germ cell tumour. Again, there is no increased risk 
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from the use of these sperm cells or for the offspring from the therapy proce- 
dure per se. 

Hereditary components of a disease, such as the familial increased risk of a tes- 
ticular tumour in male descendants of a testicular tumour patient or e.g. genetic 
aspects of leukaemia, should be considered in the consultation [20, 21]. 

Surgical sperm extraction is associated with the potential risk of surgery and the 
associated anaesthesia. In experienced hands, the risk of subsequent bleeding, infec- 
tion and wound healing disorders is <5% across all patient groups and must be dis- 
cussed with the patient individually [2]. 

A low risk arises during long-term storage due to a possible deterioration in 
semen quality after thawing, although the data are not clear. Huang et al. [22] 
described an average sperm survival rate of 85.7% after storage for 0-5 years. After 
storage for 6-10 years and 11-15 years, the survival rate dropped significantly to 
82.1% and 73.9%, respectively. Nevertheless, the success rates of IVF therapies 
were independent of the length of storage. However, this study was not conducted 
on patients but on healthy sperm donors. Furthermore, it remains unclear whether 
the expected decrease in semen quality due to the freezing and thawing process was 
already included in this analysis or not. Based on the clinical experience of a tertiary 
centre to date, there has been no significant decrease due to the permanent storage 
of cryopreserved semen samples in oncological patients [1]. 


Practical Approach 


Collection and Cryopreservation of Semen 
Collection of Sperm 


The ejaculate for fertility preservation should be collected and stored before an 
adolescent or adult male undergoes any potentially fertility damaging procedure or 
exposure. This includes surgical procedures as well as radio- or chemotherapy. 


e The testicular volume in the low to subnormal adult range can indicate an already 
initiated spermatogenesis. Adolescent boys have comparable ejaculate parame- 
ters for cryopreservation compared to adult patients regardless of the underlying 
disease [1, 23, 24]. 

* The sample is obtained by masturbation. A semen sample is obtained rarely by 
rectal electrostimulation and this method can be discussed especially in early to 
late adolescents. Since anaesthesia is required in these cases, and the ability to 
ejaculate is also a sign of maturity in adolescents during puberty development, 
testicular sperm cell extraction under anaesthesia should be preferred in these 
cases, since cryopreservation of stem cells is simultaneously possible when the 
germinal epithelium has not yet matured [9, 10]. 
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The WHO recommends that when cryopreserving normal semen samples, suffi- 
cient samples should be preserved for at least 10 or more inseminations to ensure 
that there is a good chance of pregnancy [5, 6]. In the case of very frequent limita- 
tions in ejaculate quality, both in oncological patients for fertility preservation and 
in infertility patients, the pooling of several samples has not proven to be useful. On 
similar lines to the WHO recommendation, the frozen quantity should be enough 
for 10 or more ICSI treatments [5, 6]. This is guaranteed in most cases with standard 
sets for ejaculate cryopreservation, which contain 36 straws with 300 pL volume 
each. If the semen quality is significantly reduced (either very few sperm or 
extremely few motile or vital sperm), the creation of a second depot should be dis- 
cussed with the patient and made possible. 


Cryopreservation of Semen 


Cryopreservation, like sperm storage, is a complex procedure and places high 
demands on the responsibility and reliability of laboratory staff. The requirements 
for the cryopreservation of sperm are quite different depending on the length of 
time. In Germany, for example, official approval is required for the laboratories car- 
rying out the procedure. An HIV and hepatitis test which is no more than 3 months 
old must also be available. A contract with the patient for the cryopreservation and 
the later storage of the samples is necessary, as well as a corresponding liability 
insurance of the responsible laboratory. 

The WHO does not make any such specific specifications at international level, 
but there are recommendations on risk management in the current WHO laboratory 
manual [5, 6], the main features of which are given below: 

The basic requirement for the storage of samples is an alarm system for the 
detection of liquid nitrogen and low atmospheric oxygen. To reduce the risk of 
cross-contamination with infectious agents between samples during storage (e.g. 
transmission of HIV, hepatitis B or C through the cryopreservation containers), stor- 
age in the vapour phase of liquid nitrogen is preferred and care is taken to ensure 
that the cryostraws are securely closed. In the vapour phase for storage, special 
attention must be paid to the temperature of the samples, which must never exceed 
—130 °C in order to not damage the sperm. 

It is essential to ensure the unique identification of the samples. A secure coding 
system for labelling the cryotubes and vessels is essential. The corresponding codes 
are noted in all laboratory data sheets and computer databases relating to the patient. 
When using aliquots of the cryopreserved sperm, the number of remaining samples 
is documented in the database accordingly. Ideally, a laboratory employee should 
only process one sample at a time. 

There are various cryopreservation protocols for ejaculate sperm as well as com- 
mercially available cryoprotective agents that are carefully mixed into the ejaculate, 
taking into account appropriate incubation periods. Nowadays, cooling and freezing 
of the ejaculate are usually done with programmable freezers. These control the 
supply of liquid nitrogen vapour into the freezing chamber and electronically 
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document the freezing steps. A common freezing protocol cools the samples by 
1.5 °C per minute from 20 °C down to —6 °C and then by 6 °C per minute down to 
—100 °C. After about 40 min, the temperature of the chamber is then maintained at 
—100 °C for 30 min until the cryocassettes can be transferred to the gas phase of the 
liquid nitrogen tank for permanent storage. When sending cryopreserved semen 
samples, the respective national and international laws for the shipment of liquid 
nitrogen and human biological material must be observed. 

Sperm vitrification methods are also currently being tested, which may offer an 
advantage, especially when the sperm count is low [25]. 

Before cryopreserved samples are used, they must be thawed and separated from 
the cryoprotectant. After thawing at room temperature, the contents are processed 
for assisted fertilization treatment or prepared for the determination of thawing 
motility (to test the result of cryopreservation). The cryoprotectant must be washed 
out by dilution in small volume steps. 


Removal and Cryopreservation of Testicular Tissue 
Removal of Testicular Tissue 


Testicular tissue removal with the aim of testicular sperm extraction (TESE) is per- 
formed after opening the scrotal skin and exposing the testicles on both sides under 
local or general anaesthesia and after appropriate preoperative discussion with the 
patient. Extraction using microsurgical or microscopically assisted techniques is 
ideal (micro-TESE, mTESE), alternatively from different areas of the testicle 
(standard-TESE), whereby preservation of the testicular blood flow and meticulous 
control of bleeding during the procedure must be ensured. In patients with an 
obstruction as the cause of azoospermia, multilocular tissue sampling is sufficient. 
In individual cases, microsurgical epididymal aspiration of seminal fluid (MESA) 
can also be used (for uncorrectable obstruction). Fine needle aspiration is inferior to 
open testicular tissue removal with regard to sperm yield and postoperative scarring 
and is not recommended [8]. 

In prepubertal boys, spermatogenesis has not yet been initiated, and there is only 
the experimental option of removing spermatogonial stem cells (SSC) using testicu- 
lar biopsy [9, 10]. 

When taking testicular tissue for the cryopreservation of spermatogonial stem 
cells from prepubertal boys or early adolescents, the open biopsy is preferably per- 
formed only on one testicle. Since this procedure is experimental, only limited 
experience is available. For the German network Androprotect, which was founded 
at the Centre of Reproductive Medicine and Andrology of the University Hospital 
in Miinster in Germany, the collection of three biopsies of approximately the size of 
a rice grain from one testis is recommended after consent has been obtained. The 
three biopsies are processed differently (see below). The Androprotect network is 
currently being set up with the aim of enabling cryopreservation and analysis of 
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samples from the affected patients for all paediatric oncology and paediatric urol- 
ogy centres. Information can be requested under andrologie@ukmuenster.de. 
International initiatives can also be found in the United States, the Scandinavian 
countries (Nordfertil), France, the Netherlands and England. 


Cryopreservation of Pre-Pubertal Testicular Tissue (e.g. Androprotect, 
Miinster, Germany) 


Within the framework of Androprotect, one of the three tissue samples taken is fixed 
for (immuno-) histological processing to check for the presence of stem cells. Two 
samples are prepared for DMSO-based cryopreservation according to protocols for 
immature testicular tissue, cryopreserved and stored in the gas phase of liquid nitro- 
gen [12, 26]. One sample is stored for the patient, one is used for research. A cor- 
responding ethics vote is available. Three basic strategies are pursued here within 
the framework of an international research network: (I.) ectopic or orthotopic graft- 
ing or xenografting of tissue; (II.) retransplantation of SSC; (II.) in vitro spermato- 
genesis [11, 27-30]. The Androprotect network currently comprises five centres in 
Germany, four further centres are in the application phase (ethics vote, cooperation 
agreements) and the samples taken are sent to the CeRA in Miinster, Germany for 
further analysis, preparation and storage. The accompanying research connected 
with the network and carried out at CeRA in recent years has provided valuable 
insights into the prepubertal human germinal epithelium [12, 31-33]. Information 
on Androprotect can be requested under andrologie@ukmuenster.de. 


Cryopreservation of Post-Pubertal Testicular Tissue 


The cryopreservation of testicular tissue with testicular sperm varies slightly from 
laboratory to laboratory. The cryopreservation of sperm in testicular tissue compos- 
ites is probably preferable to the cryopreservation of isolated sperm after mechani- 
cal or enzymatic preparation, especially if the spermatogenesis is only focally 
preserved, since the tissue composite provides better protection for the sperm dur- 
ing the cryo- and thawing process if the quality of the testicular tissue samples is 
very limited. Just like the cryopreservation of ejaculate sperm, cryopreservation is 
carried out after the addition of commercially available cryoprotective agents. The 
freezing process is carried out step by step with a programmable freezer (see above). 
The conditions, safety guidelines and requirements for the cryopreservation of post- 
pubertal testicular tissue correspond to those for ejaculate sperm. 
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Fig. 1 Algorithm for fertility preservation in boys, adolescents and male adults 


Practical Approach 


Patients should attend an andrological or reproductive medicine centre with an 
appropriate laboratory as early as possible for the cryopreservation of sperm and 
testicular tissue to allow the greatest possible time window for the implementation of 
fertility preservation measures [16]. In the case of (micro-)TESE, cooperation with a 
urological-andrological facility is required which meets the infrastructural require- 
ments and offers the surgical procedure accordingly. For the cryopreservation of 
gonadal stem cells, cooperation with highly specialized centres in Europe is required. 
For the German-speaking countries, the Centre of Reproductive Medicine and 
Andrology, University Hospital Münster, is available as a contact partner [10-12]. 

Figure 1 shows the systematic procedure for carrying out cryopreservation of 
sperm and testicular tissue in the patient groups. 
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In Vitro Maturation 


In vitro maturation (IVM) refers to the removal and maturation of immature oocytes 
(germinal vesicle stage or metaphase I) after being obtained by transvaginal or aspi- 
ration of follicles from removed ovarian tissue. 

This technique was originally developed to avoid high-dose gonadotrophin stim- 
ulation and therefore the risk of ovarian overstimulation, especially in women with 
polycystic ovaries. After the turn of the millennium, this technique was routinely 
used in many centres, especially in women with polycystic ovary syndrome (PCOS). 
Initial studies showed that the health risk for children after IVM is not noticeably 
limited [1]. The reported chances of success were relatively high in some centres, 
especially in women with PCOS. 

However, if IVM is performed in women as a fertility preservation measure, 
these are not usually women with PCOS. Correspondingly, the effectiveness of 
IVM is significantly lower in these women. 
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IVM of Oocytes Collected from Ovaries 


Grynberg et al. [2] performed IVM in 248 women with breast cancer (31.5 +0.3 years) 
to avoid ovarian stimulation. The results were similar for oocyte collection in the 
follicular and luteal phase. Aspiration in the follicular phase led to 6.2 oocytes being 
cryopreserved, and 6.8 oocytes in the luteal phase. Considering that high-dose 
gonadotrophin stimulation in breast cancer patients can yield approx. 13 mature 
oocytes [3, 4], IVM is significantly less effective in terms of oocyte count. 

In addition, the pregnancy potential of oocytes after cryopreservation is signifi- 
cantly lower. Cao et al. [5] found that only 13% of the in vitro matured, cryopre- 
served and then fertilized oocytes developed into embryos, compared to 33% 
without prior cryopreservation. Rösner et al. [6] reported only two births after 32 
thawing cycles in 61 cases wherein vitro mature oocytes had been cryopreserved. 

IVM is therefore not very effective. It should not be performed as the sole fertil- 
ity preservation measure and only in specialized centres in women with a high antral 
follicle count (AFC), where <2 weeks are available for high-dose gonadotropin 
stimulation (see chapter “Ovarian Stimulation to Collect Oocytes”). 


IVM of Oocytes Collected from Ovarian Tissue 
Before Cryopreservation 


Alternatively, IVM can be used to aspirate oocytes from follicles in ovarian tissue 
prior to cryopreservation. 

Huang et al. [7] reported on four women (21-38 years), where a hemiovariec- 
tomy was performed in three cases and a total ovariectomy in one. A total of 11 
oocytes were aspirated from the tissue taken from the 4 women, 8 of which could be 
matured and vitrified. Uzelac et al. [8] reported on a 23-year-old female patient 
from whom 10 immature oocytes were removed after unilateral ovariectomy and 4 
of which were matured. However, cryopreservation only took place after the oocytes 
had been fertilized. Two embryos were later transferred, from which a pregnancy 
with subsequent birth developed. Abir et al. [9] performed this technique on ovarian 
tissue in 42 girls and women aged 2-18 years. Three hundred and ninety-five 
oocytes were obtained and 121 of these were cryopreserved, which corresponds to 
an average of just under 3 oocytes per girl/woman. It should be noted that in addi- 
tion to the significantly lower developmental potential after cryopreservation, the 
oocyte quality also seems to be lower in peripubertal women [10]. 

These and other case reports show that only a few oocytes can be obtained from 
biopsied ovarian tissue. If one also considers the low blastocyst-, developmental- 
and birth rates mentioned above [5, 6], it becomes obvious that this procedure is not 
very effective and should therefore only be performed in patients with a high AFC 
and in specialized centres. 
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Drug Therapy Approaches 


Immunomodulator AS101 


The immunomodulator AS101 was first described in 1987 by an Israeli working 
group [11]. AS101 (ammonium trichloro (dioxoethylene-o,o’) tellurate) inhibits the 
anti-inflammatory cytokine IL-10, thereby activating the so-called Akt pathway. In 
human clinical studies, Akt reduces the hematopoietic side effects of chemotherapy 
without reducing its effectiveness. In addition, AS101 appears to have an anti- 
tumour effect [12]. 

Carmely et al. [13] administered cyclophosphamide intraperitoneally to male 
mice and gave some animals additional AS101. The administration of AS101 
significantly reduced damage to the seminiferous tubules and the DNA frag- 
mentation of the sperm. Mating of male mice with untreated female mice 
resulted in a higher number and weight of offspring in the group of AS101- 
treated animals. 

Kalich-Philosoph et al. [14] examined the effects of cyclophosphamide with and 
without AS101 on the follicle pool of mice. They showed that cyclophosphamide 
induces growth of the primordial follicles, which leads to a kind of “burn out” of the 
follicle pool and thus to cyclophosphamide-induced ovarian failure. Concomitant 
treatment with AS101 in mice reduced cyclophosphamide-induced activation of the 
primordial follicles, resulting in less reduction of the ovarian reserve by 
chemotherapy. 

The fertility-protective effect of AS101 was confirmed in mice in another study 
from 2017 [15]. 


Apoptosis Inhibitors Ceramide-I Phosphates, CIP 


Numerous studies have shown that chemotherapeutic drugs induce apoptosis 
and dysregulate angiogenesis. Sphingolipids are polar lipids and components of 
the cell membrane and, among other things, are involved in the regulation of 
apoptosis and angiogenesis. One of the bioactive sphingolipid metabolites is 
sphingosine I-phosphate (CIP). It is assumed that CIP could act as a fertility- 
preserving agent. 

Pascuali et al. [16] administered intraperitoneal cyclophosphamide to mice and 
gave additional CIP to some. The administration of CIP significantly reduced 
cyclophosphamide-induced apoptosis, improved stromal vascular function and 
reduced the decrease in ovarian reserve. 


244 R. Dittrich and M. von Wolff 
Anti-Müllerian Hormone (AMH) 


AMH is predominantly formed by growing follicles, such as secondary follicles, 
and inhibits the recruitment of primordial follicles. This prevents premature loss of 
the ovarian reserve. It is believed that chemotherapeutic agents such as cyclophos- 
phamide and cisplatin damage the growing follicles, causing AMH secretion to 
decrease. Consequently, there is a strong recruitment of primordial follicles and the 
ovarian reserve therefore decreases. This is known as the “burn out effect”. 

The concept of administering AMH during chemotherapy is derived from these 
effects to absorb the chemotherapy-induced drop in AMH. 

Experiments where AMH was administered intraperitoneally to mice have con- 
firmed that AMH can compensate for the cyclophosphamide-induced loss of the 
ovarian reserve [17, 18]. 


Xenotransplantation of Ovarian Tissue 


Xenotransplantation is the transplantation of previously cryopreserved ovarian tis- 
sue into other species, mostly immunodeficient mice. The aim is to generate oocytes 
in other species so that the oocytes can be matured in vitro, fertilized and transferred 
to females. Xenotransplantation could be used especially in diseases where autolo- 
gous ovarian tissue transplantation (see chapter “Transplantation of Ovarian 
Tissue”) is contraindicated due to the high risk of contaminating the tissue with 
tumour cells, e.g. in the case of leukaemia. 

Dittrich et al. [19] comprehensively reflected on xenotransplantation in 2015 and 
evaluated its usefulness as a fertility-protective measure. 

As early as 2002, evidence was provided that xenotransplantation is basically 
possible. Snow et al. [20] transplanted ovarian tissue under the renal capsule of rats. 
Oocytes developed which led to successful embryo transfers after IVM and fertil- 
ization. Studies have also been carried out since 2003, among others by Lotz et al. 
[21], in which human ovarian tissue was transplanted subcutaneously or intramus- 
cularly into the renal capsule of immunodeficient mice (severe combined immuno- 
deficiency (SCID) mice). Several dozen oocytes could be generated. Most of the 
mature oocytes (metaphase II), however, originated from smaller follicles than in 
the human system. For ethical reasons, the oocytes were not fertilized or trans- 
ferred, therefore there is no proof that xenotransplantation could also be successful 
in the human system. One objection against xenotransplantation is the transfer of 
zoonoses, for which the risk seems to be low [22]. On the other hand, ethical con- 
cerns have been raised. To our knowledge, however, a comprehensive evaluation of 
this technique by ethicists has not yet been performed. 
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In Vitro Growth 


In vitro growth (IvG) refers here to the cultivation of oocytes in tissue or isolated 
follicles to obtain immature oocytes for subsequent IVM. IvG could be used par- 
ticularly in women in whom ovarian tissue was cryopreserved prior to cytotoxic 
disease, but where autologous ovarian tissue transplantation (Chapter 
“Transplantation of Ovarian Tissue”) is contraindicated due to the high risk of con- 
tamination of the tissue with tumour cells, e.g. in the case of leukaemia. 

Telfer and Zelinski [23] carried out a comprehensive investigation of IvG. The 
main problem lies in the long development time of the follicles from the preantral to 
the pre-ovulatory stage, which is about 90 days in the human system. It is assumed 
that a three-stage culture system is necessary. 

First the development of the primordial follicles is induced in the tissue, the fol- 
licles are then isolated, cultivated and finally immature oocytes are extracted from 
the follicles and matured in vitro. All individual steps were successfully performed 
in the human system and a coupling of all three steps was first published as a “proof 
of concept” by McLauglin et al. at the beginning of 2018 [24]. They cultivated 
human ovarian tissue from ten women, extracted 87 secondary follicles from them 
and allowed them to mature further. They then incubated cumulus-oocyte com- 
plexes obtained from these follicles until a total of nine oocytes showed a polar 
body and a metaphase II spindle as in an ovulated oocyte. Morphologically, these 
IvG oocytes have a large polar body. Their developmental potential is still unknown. 


Artificial Ovary 


Due to the many technical hurdles that still need to be overcome in IvG, a Brussels 
working group is taking a different approach. Primordial follicles are isolated from 
ovarian tissue and fixed in a fibrin matrix, creating a kind of artificial ovarian tissue. 

This matrix can then be transplanted orthotopically to allow the follicles to 
mature in vivo. When transplanting human preantral follicles embedded in alginate, 
a few antral follicles could be identified after 1 week when transplanted into mice 
[25]. Since then, there have been several alternative approaches that move away 
from encapsulating the isolated follicles because of the resulting limitations in 
terms of space for vascularization/supply, follicular growth and ovulation. The 
development is moving towards replicating the natural morphology of the ovarian 
supporting framework, where mechanical properties also play an important role. 
Laronda et al. [26] developed an artificial ovary whose matrix consists of a gelatine 
hydrogel with pores for vascularization, follicular growth and ovulation, which was 
produced by 3D printing. With this approach, they obtained offspring in a 
mouse model. 
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Chiti et al. [27] emphasized in a 2018 publication that it is important to orientate 
towards the natural fibrillar structure of the supporting framework in the ovarian 
tissue. Liverani et al. [28] considered this while at the same time further developing 
the material properties of the matrix fibres of the artificial ovary. They used the 
technique of electrospinning to combine a synthetic polymer, which is widely used 
in regenerative medicine because of its good mechanical properties and slow degra- 
dation, with biocompatible gelatine. The aim is to prolong the possible transplanta- 
tion time of the artificial ovary while maintaining biocompatibility and thus to adapt 
it to the duration of human follicle maturation. The latter lasts significantly longer 
(approx. 90 days) than in the mouse, whose follicles mature after 10-12 days. 
Liverani et al. [28] therefore worked with pig follicles whose size and maturation 
period at 40—50 days lie between the mouse model used so far and human conditions. 

A transplantation in the human system has not yet been performed. Theoretically, 
when isolating follicles in leukaemia patients, tumour cells could also be transferred 
into the matrix. However, various studies show that the risk of this happening seems 
to be very low [29]. 


Oocytes from Germ Line Stem Cells or Germline Progenitor 
Cells Inside the Ovary? 


Contrary to the assumption that the number of oocytes in the ovary is fixed from 
birth and that no new follicles and oocytes are formed, some publications describe 
the presence of cells that simultaneously have markers of germ line and stem cells. 
These cells have been detected in various species, including the human ovary, and 
have been described by some authors as germline stem cells and by others as unipo- 
tent ovarian germline precursor cells. Nevertheless, the presence of such cells in the 
human ovary remains controversial, as some research groups have not been able to 
reproduce the detection of these cells. There is also disagreement about the function 
of such potential stem or progenitor cells and clear evidence in the human system is 
still lacking. It is possible that new oocytes can actually be produced from these 
cells. So far, it has at least been possible to generate oocyte-like cells—in vitro and 
using xenotransplantation—from potential stem or progenitor cells of the human 
ovary. The developmental capacity of these oocyte-like cells is not yet known [30]. 

If there are germline stem cells or progenitor cells in the ovary and it is possible 
to produce new oocytes from them, this would be a further option for restoring fer- 
tility not only after gonadotoxic treatment, but also for a much larger group of 
patients, e.g. with premature ovarian insufficiency (POI). 
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Uterus Transplantation 


There is now also the possibility of uterine transplantation. According to the scientific 
literature, 30 transplantations have been performed to date after the first birth follow- 
ing uterine transplantation by Mats Brännström’s Swedish group [31]. However, 
Brännström et al. assume that twice as many transplantations have been performed. 
More than ten children have now been born, in one case even after transplantation of 
the uterus of a deceased woman [31]. The delivery of two children after uterine trans- 
plantation due to hysterectomy for cervical cancer has also been published [32]. 
Nevertheless, the method is still considered to be experimental (Table 1). 


Table 1 Further fertility-preserving techniques 


Already 
usable 
Effectiveness in | Clinical | in 
humans trials humans 


In vitro 1. Removal of Already Established in Already | Yes 
maturation (IVM) immature oocytes | performed in | humans; used by 
from the ovary to | animals effectiveness low | some 

prevent ovarian centres 
stimulation 

2. Removal of 
immature oocytes 
from the ovary 
prior to 
cryopreservation 
of ovarian tissue 


Effectiveness 
in animal 
Technique Rationale model 


Drug therapy Inhibition of Reduction of | Not yet proven | No No 
options chemotherapy- gonadic 
(AS101, CIP, induced reduction of | toxicity in 
AMH) ovarian reserve by: mice 

1. Activating the 
AKT pathway 
(AS101) 

2. Inhibition of 
apoptosis (CIP) 

3. Inhibition of 
primordial follicle 
recruitment 
(AMH) 


(continued) 
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Table 1 (continued) 
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Already 
Effectiveness usable 
in animal Effectiveness in | Clinical | in 

Technique Rationale model humans trials humans 
Xenotransplanta- | Transplantation of Offspring in | Oocytes obtained | Not No 
tion ovarian tissue into mice and rats | after known 

immunodeficient transplantation 

animals to generate into SCID mice; 

oocytes, particularly embryos not yet 

in diseases with a generated 

high risk of malignant 

cells in ovarian tissue 
In vitro growth Cultivation of ovarian | Offspring in | Development of | Not No 
(IvG) tissue or isolated mice embryos from known 

follicles to generate primates in mice; 

oocytes, particularly development of 

in diseases with a human germinal 

high risk of malignant vesicles in mice 

cells in ovarian tissue 
“Artificial” ovary | Isolation of preantral | Development | Not yet applied | Not No 

follicles from ovarian | of human in humans known 

tissue, fixation in a follicles in 

matrix and orthotopic | mice; 

transplantation of the | offspring in 

matrix; particularly mice 

for diseases with a 

high risk of malignant 

cells in ovarian tissue 
Oocytes from Development of Offspring in | Development of | Not No 
germline stem oocytes from mice oocyte-like cells | known 
cells/progenitor | germline stem cells/ from potential 
cells? progenitor cells germline stem 

cells/progenitor 
cells 

Uterine Transplantation of the | Yes 230 Yes Yes 
transplantation uterus after transplantations 


hysterectomy 


performed with 
at least ten 
children; only 
one 
transplantation 
after malignancy 
with birth 
(cervical 
carcinoma) 
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Part IV 
After Fertility Preservation 


Treatment of Uterine Bleeding During MR) 
Chemotherapy oy 


Nicole Sanger, Michael von Wolff, and Frank Nawroth 


Background 


Abnormal bleeding as a result of myelosuppressive therapy is associated with sig- 
nificant morbidity in affected patients, which is why preventive concepts should be 
considered before gonadotoxic treatment is started. Clinically relevant are mainly 
menorrhagia/menometrorrhagia with a blood loss of >80 mL per cycle over >7 days, 
but also irregular, acyclic bleeding with considerable subsequent complications. In 
patients with thrombocytopenia, managing the bleeding disorder can be a challeng- 
ing dilemma for the treating oncologists. In addition to deciding on the appropriate 
start of treatment (i.e. in acute cases or for prevention), drug options may also be 
limited due to contraindications. 
Regularly used substances used alone or in combination: 


* Oral contraceptives 

* GnRH agonists 

* Estrogens and progestogens including progestogens containing intrauterine 
devices (IUD) 
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* Tranexamic acid 
e Blood products such as platelet concentrates, recombinant factor VIIa prepara- 
tions etc. 


There are no standard treatment recommendations as yet. Hormonal treatment 
concepts in the form of oral contraceptives are part of first-line therapy in everyday 
clinical practice, but the dosage (single or double dosage) and application regimen 
(cyclic vs. long cycle) can vary considerably. GnRH agonists (GnRHa) and 
tranexamic acid are also highly valued, whereas regular platelet concentrate use is 
rarely indicated due to the risk of alloimmunization. Surgical-interventional proce- 
dures are also discussed, especially in cases of treatment failure. These include 
curettage or balloon procedures, as used in obstetrics. Endometrial ablation or uter- 
ine artery embolization (UAE) should not be performed even in the acute situation, 
or only as a last resort, especially in premenopausal patients with a prospective 
desire to have children. In addition, UAE leads to the desired therapeutic result in 
the form of oligo- or amenorrhoea only after a delay. 

The aim should be to adjust the patient's medication adequately according to her 
individual risk-benefit profile before the start of gonadotoxic therapy to prevent 
undesired events in addition to the already existing side effect profile of chemo- 
therapy. This chapter highlights the most frequently administered medication and 
aims to show possible solutions to uterine bleeding disorder in myelosuppression. 


Oral Contraceptives 


Combined oral contraceptives (COC) can reduce menorrhagia/menometrorrhagia in 
premenopausal patients during myelosuppressive treatment and can lead to amenor- 
rhoea after long-term use. They are often used clinically due to their good accep- 
tance by both the treating and the affected person. They are also often used for 
contraception beforehand. However, there is a lack of controlled, randomized stud- 
ies on the effectiveness and safety of chemotherapy-associated thrombocytopenic 
bleeding disorders in oncology patients [1]. The use of COCs is nevertheless associ- 
ated with some safety concerns [2]. The use of COCs is associated with an addi- 
tional increased risk of thromboembolic disease, especially in tumour patients and 
the associated hypercoagulability per se. 

Classic progestogen-only-pills (POPs) (or the progestogen containing IUD), on 
the other hand, can lead to mutually unsatisfactory breakthrough and continuous 
bleeding if there is a understandable reason to avoid the estrogen component [3]. 
Nevertheless, a reduction in both the amount and duration of bleeding has been 
described for the use of pure progestogen preparations [4] 

It should be noted that secondary symptoms of gonadotoxic treatment such as 
nausea, vomiting, diarrhoea and mucositis can lead to reduced absorption, thus 
inadequate dosage and insufficient activity of the COC. 
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Pharmacological evidence also shows that under certain circumstances, a dose 
adjustment may be necessary, especially for cytochrome P-metabolizing substances 
(including the COC), since they can be degraded more rapidly during the detoxifica- 
tion of the cytotoxic drugs. 

Furthermore, the impairment of hepatic function and the existing risk of hepato- 
toxicity during chemotherapy with simultaneous use of COC should be considered, 
although it can be difficult to assess whether increased transaminases are related to 
cytotoxic therapy per se or the (re)-adjustment to the COC. 


GnRH Agonists 


The mode of action of GnRH agonists (GnRHa) has already been described in detail 
in chapter “GnRH Agonists”. The induction of amenorrhoea using GnRHa to pre- 
vent bleeding disorders in thrombocytopenic phases of chemotherapy has been 
evaluated and documented as a possible treatment option in several studies [3-9]. 

In contrast, few clinical studies exist comparing GnRHa with COC in oncologi- 
cal patients [5]. While COC can lead to a rapid reduction in menorrhagia and the 
cycle can quickly regulate itself again after discontinuation of medication, longer 
administration of GnRHa is often required before gonadotoxic therapy before the 
desired amenorrhoea occurs. However, due to its mode of action, the effect lasts for 
a long period of time even after the end of chemotherapy. There does not appear to 
be a significant difference in the degree of liver toxicity, at least not according to 
current data, in patients undergoing simultaneous chemotherapy and in oncological 
patients. 

It is now assumed that GnRHa can also be started shortly before chemotherapy. 

With GnRHa therapy alone, a later estrogen withdrawal bleeding, around 1 week 
after the first GnRHa injection, must be expected due to the initial flare-up effect, 
which could potentially fall into the nadir. Studies have shown that the simultane- 
ous, continuous administration of a progestogen within the first month of GnRHa 
administration can prevent this problem [6, 7]. Ideally, both the GnRHa and the 
progestogen are administered 1 month before the start of chemotherapy, although 
this can only be realistically implemented in the case of a planned stem cell 
transplant. 

The side effect profile of GnRHa should be considered and discussed with the 
patient, especially if estrogen substitution is not planned. These include hot flushes, 
nausea, vomiting, allergic reactions, infections and necrosis at the injection site as 
well as a reduction in bone density. Due to the reduction of bone density, it is recom- 
mended that GnRHa administration should not be continued for more than 6 months 
if possible. If symptoms are severe, GnRHa can be combined (in the case of hor- 
monally inactive tumours) with an estrogen therapy. 
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If bleeding lasts for more than 2 weeks, the endometrium is usually atrophic and 
sonographically thin. In this situation, stabilization of the endometrium is best 
achieved with pure high-dose oestrogen therapy. Since high-dose oral therapy can 
also lead to nausea and, as described for oral contraceptives, absorption can be 
reduced and the liver can be additionally burdened by the first -pass metabolism, 
transcutaneous administration should be considered during chemotherapy. 

It should be noted that an additional progestogen must be administered 1-2 weeks 
after the start of estrogens to enable transformation of the built-up endometrium and 
a regulated menstrual bleed. 

If the endometrium is thick, bleeding may result from insufficient transforma- 
tion, and pure progestogen administration is recommended. 

If ultrasound measurement of endometrial thickness is not possible, simultane- 
ous estrogen/progestogen therapy should be considered. This can be done with the 
preparations described in Table 1, but also with oral, single-phase contraceptives, 


Table 1 Examples of drug treatments for acute bleeding disorders during treatment with 
gonadotoxic agents 


Active | | Onset of 
substance Dosage Duration of use | action Comments 
Oral 6-8 mg micronized estradiol | Maximum 3 Bleeding To be used 
estrogens (valerate)/day until bleeding | weeks, stops especially if 
is only minimal (ca. 24-48 afterwards around 10 h | endometrium is 
h), then 1-2 x 2mg estradiol | additional after start of | thin. Cave: Risk 
(valerate) /day progestin, e.g., | treatment of thrombosis 
MPA: increased 
1 x 10 mg oral/ 
day for 10 days | 
Trans- 200 ug transdermal estradiol | Same as for oral | Bleeding To be used 
cutaneous /day estrogens stops especially if 
estrogens around 10 h | endometrium is 


after start of | thin. 

treatment Risk of 
thrombosis lower 
compared to oral 
estrogens 


Minimum 10 Bleeding To be used 
days stops especially if 
around 72 h | endometrium is 
after start of | thick 

treatment 


Oral — Medroxyprogesterone 
progestins acetate (MPA): 
2 x 10-20 mg /day 
— Chlormadinone acetate 
(CMA): 2-4 mg /day or 
— Norethisterone acetate 
(NETA): 1-2 x 5mg/d 
Oral Tranexamic acid: 
anti- 3-4 x 1-1.5g/d 
fibrinolytics 


One to few days | Bleeding Cave: elevated 
stops after | risk of thrombosis 
2-3h possible 
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e.g. those containing levonorgestrel (see above). However, these must be started at 
an initially higher dosage (e.g. day 1: 3 tablets, day 2: 2 tablets, from day 3: 1 tab- 
let), which can lead to nausea and an increased risk of thrombosis. 

Intrauterine progestogen containing IUDs are used to prevent bleeding during 
chemotherapy. For this reason, they do not have to be removed before 
chemotherapy. 


Tranexamic Acid 


The best data on the reduction of excessive uterine bleeding are available from ran- 
domized studies with tranexamic acid, although the inclusion criteria did not apply 
to oncology patients [10]. Side effects have rarely been described and were mostly 
dysmenorrhoea, headache and back pain. The relationship between tranexamic acid 
substitution and the risk of venous thrombosis or pulmonary embolism (VTE) was 
also investigated [11]. However, the evaluation, considering all VTE-increasing fac- 
tors such as simultaneous use of oral contraceptives, surgical intervention, chronic 
inflammatory bowel disease, systemic lupus erythematosus (SLE), obesity and 
smoking, did not reveal any significant increase in risk. It should be noted that, as 
already mentioned, these studies were not performed on oncology patients with 
menorrhagia/menometrorrhagia and consequent hypercoagulability, and this will 
probably not be carried out in the future. 

A dosage of at least 3—4 x 1—1.5 g/day orally (Table 1) led to a significant reduc- 
tion in the amount of bleeding [10, 12]. 


Other Treatment Agents 


Substances such as danazol and desmopressin are not that common. Ulipristal ace- 
tate is also hardly ever prescribed to oncology patients, despite rapid cessation of 
uterine bleeding in more than 90% and within 5-7 days [13, 14]. 

Ulipristal acetate belongs to the group of selective progesterone receptor modu- 
lators with both agonistic and antagonistic properties. It fixes mid-cycle estrogen 
levels without the known side effect spectrum of GnRHa and showed comparable 
effects on bleeding in patients with uterine fibroids compared to GnRHa application 
[15]. Due to the potential hepatotoxicity, a careful evaluation in the described patient 
population is required. 
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Practical Approach 


Prevention of Vaginal Bleeding (Fig. 1) 


If there is enough time before the start of chemotherapy: oral combined single- 
phase contraceptives with an estrogen component of about 30 ug in combination 
with a progestogen with a low risk of thrombosis and a partial anti-oestrogenic 
effect, e.g. levonorgestrel. 

If there is a high risk of thrombosis: Progestogen monotherapy using a progesto- 
gen with a low risk of thrombosis and a partial anti-oestrogenic effect, e.g. 
medroxyprogesterone acetate (MPA): 1-2 x 10 mg/day. 

Also possible and effective, but more expensive: GnRHa, especially under the 
simultaneous aspect of fertility protection (see chapter “GnRH Agonists”). Start 
of treatment 1 week before the start of chemotherapy. According to experts even 
a shorter interval is possible. Additional estrogens may be necessary for hypoes- 
trogenic symptoms, e.g. 25-50 wg estradiol transdermally or 1-2 mg 
estradiol(valerate)/day. 


Treatment of Acute Vaginal Bleeding During Chemotherapy 
(Table 1, Fig. 1) 


Oral tranexamic acid: tranexamic acid acts quickly but has a short half-life, so it 
must be administered repeatedly. Although an increased risk of thrombosis has 
not been confirmed in clinical studies, it cannot be ruled out in oncology patients 
(who have not yet been investigated). Dosage: 3-4 x 1-1.5 g/day. 

Oral or transcutaneous estrogens and/or progestogens depending on the 
thickness of the endometrium measured using ultrasound. For dosages see 
Table 1. 

Oral progestogen monotherapy if there is a high risk of thrombosis. For dosage 
see Table 1. 
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v 


Endometrium Endometrium Increased risk of 
thick thin thrombosis 
Y 


* Oral progestins + * Oral or transdermal * Oral 
* Tranexamic acid estrogens + progestins 
(Table 1) * Tranexamic acid (Table 1) 
(Table 1) 


Blood transfusion if required 


Prevention of bleeding with: 

* GnRH agonists 

* Combined monophasic oral contraception, e.g. 30 ug ethinylestradiol + 
levonorgestrel, long cycle (Attention: In some chemos risk of thrombosis increased!) 

* Progestin monotherapy, e.g. 1-2x 10 mg/d medroxyprogesterone acetate 


Fig. 1 Treatment decision flowchart for acute vaginal bleeding during chemotherapy 
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Fertility Treatment After Fertility A 
Preservation Therapies det 


Michael von Wolff 


Introduction 


Spontaneous conception should be tried if possible after a fertility preservation 
measure, since assisted reproductive techniques are associated with greater effort, 
more treatment-induced stress and, when in vitro fertilization (IVF) is carried out, 
with an increased risk of childhood malformations [1]. The fact that there is no evi- 
dence of an increased malformation rate in children after gonadotoxic treatment 
also speaks in favour of spontaneous conception [2]. However, from a reproductive- 
biological point of view, the desire to have children should be realized 6 months at 
the earliest after completion of chemotherapy, as the chemotherapy washout phase 
and a cycle of spermatogenesis and oogenesis should be awaited. From an oncologi- 
cal point of view, it is usually necessary to wait much longer than 6 months. Fertility 
therapy is only possible if pregnancy is compatible with the underlying disease and 
if the oncologist has approved a pregnancy. 

If spontaneous conception is tried when the ovarian reserve is low, a fertility 
assessment should be carried out at an early stage (semen analysis, examination of 
tubal patency, exclusion of endocrinological abnormalities, etc.) so that pathologies 
can be taken into account during fertility treatment. If the menstrual cycle is irregu- 
lar, an attempt can be made to monitor the cycle using ultrasound and/or hormonal 
examinations to prove folliculogenesis and to optimize the timing of sexual inter- 
course. Intrauterine insemination should be considered for low-grade andrological 
subfertility, and IVF or ICSI should be indicated if there is highly impaired sperm 
quality. If POI or azoospermia is present or pregnancy does not occur spontane- 
ously, the cryopreserved germ cells or gonadal tissue can be used. 
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Table 1 Utilization rates of oocytes, ovarian tissue and sperm after cryopreservation as a fertility 
preservation measure 


Patients with at | Patients with at least | Patients who used 

Patients with least one one tissue cryopreserved 
cryopreservation, embryo transfer, | transplantation, sperm, 
n n (96) n (96) n (96) 

Oocytes 2097 129/2097 

[3, 4] (6.196) 

Ovarian 3845 114/3845 (2.996) 

tissue 

[4-6] 

Sperm [7] | 11,798 | 974/11798 (8.3%) 


Utilization of Cryopreserved Gametes and Tissue 


Cryopreserved gametes and gonadal tissue are only thawed up if infertility occurs 
as a result of oncological or non-oncological treatment. Accordingly, the utilization 
rate of cryopreserved preparations is relatively low (Table 1). However, it can be 
assumed that this will increase for oocytes and ovarian tissue, as many years often 
pass before the desire to have children. Nevertheless, the data show that the indica- 
tion for cryopreservation should not be made too generously (see chapter “Indications 
for and Against Fertility Preservation") to avoid too many unnecessary cryopreser- 
vation procedures. 


Success Rates 


Success rates after using cryopreserved oocytes (see chapter “Cryopreservation of 
Unfertilized and Fertilized Oocytes”), ovarian tissue (see chapter “Transplantation 
of ovarian tissue”) and sperm (see chapter “Cryopreservation of Sperm and 
Testicular Tissue") are strongly dependent on the number and quality of the gametes 
or ovarian tissue. Table 2 provides an indicative prognosis of the success rates. 
According to this, about one-third of the women have a child after using cryopre- 
served oocytes or ovarian tissue. With cryopreserved sperm, this is approximately 
one-half of the couples. 

However, the success rate per cryopreservation performed is very low (Table 2) 
and is below 5% for all techniques due to the low retrieval rate. Detailed data on 
success rates are presented for oocytes in chapter “Cryopreservation of Unfertilized 
and Fertilized oocytes”, for ovarian tissue in chapter “Transplantation of ovarian 
tissue” and for sperm in this chapter in Table 3. 
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Table 2 Success rates after using frozen oocytes, ovarian tissue and sperm after cryopreservation 
as a fertility preservation measure 


Patients with at least one birth per 
total number of cryopreservations 


performed, 
Success rates n (96) 
Oocytes [3, | Pregnancy rate per transfer: (1.4 41/2097 (2.096) 
4] embryos): 38.996. 
Birth rate per transfer: (1.4 embryos): 
30.0%. 


Patients with at least one birth after 
thawing oocytes: 35.2% [3], 32.6% [4] 


Ovarian Patients with at least one pregnancy after | 30/3845 (0.8%) 
tissue [4-6] | transplantation: 32.7% [4], 27.3% [3], 
33.3% [5]. 


Patients with at least one birth after 
transplantation: 30.396 [5], 18.296 [4], 
33.396 [6]. 


Sperm [7] | Pregnancy rate per therapy cycle: 237/5461 (4.4%) 
— per intrauterine insemination (IUI): 
1396 
— per IVF cycle: 30% 
Birth rate per therapy cycle: 
— per IUI: 8% 
— per IVF cycle: 25% 
Couples with at least one birth after 
sperm use: 49% 


Table 3 Clinical pregnancy rates after intrauterine insemination (IUI) depending on the total 
number of inseminated, non-cryopreserved sperm 


Pregnancy rates depending on the number of inseminated, 
Cycles studies, motile sperm (10°) 


n «I «2 |1-«2]1-4 |2<5 |5-9 |5-<10/2>10 
Wainer etal. | 2564 3.1% 8.7% 11.9% 14.8% | 13.1% 
[8] 
Cao etal. [9] | 1153 4.1% 15.6% 12.7% | 15.0% 
Gubert et al. 2062 3.8% 12.7% 12.2% 16.7% 
[10] 


Use of Cryopreserved Sperm 


Cryopreserved sperm (see chapter “Cryopreservation of Sperm and Testicular 
Tissue") can be accessed if treatment-induced andrological sterility is present. If a 
large number of motile sperm have been cryopreserved, several attempts at intra- 
uterine insemination (IUI) can be made. However, in the event of male azoospermia, 
the sperm deposit should not be completely used so that IVF can be carried out at a 
later date if pregnancy does not occur after IUI. If the quality of the sperm depot is 
limited, IVF or intracytoplasmic sperm injection (ICSI) is the primary option. 
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Table 3 shows the success rates of IUI in infertile couples without prior fertility 
preservation therapy and without cryopreservation. The data show that at least 1 
million motile sperm should be present for an insemination attempt. 


Use of Cryopreserved Oocytes 


After cryopreservation, oocytes must first be thawed and fertilized (see chapter 
“Cryopreservation of Unfertilized and Fertilized Oocytes”). Fertilization is per- 
formed by ICSI. The transfer can take place both in the spontaneous cycle or after 
building up the endometrium with estrogen/progesterone. Although both techniques 
are equivalent in terms of the success rate in patients with eumenorrhoea [11], endo- 
metrial build-up with estrogens/progesterone is often preferred because it is easier 
to plan. 

In principle, the therapeutic approach is not different to IVF in infertile couples. 
Data on the success rate can be found in Table 2 and chapter “Cryopreservation of 
Unfertilized and Fertilized Oocytes”, Table 2. 


Use of Cryopreserved Ovarian Tissue 


After cryopreservation (see chapter “Transport, Cryopreservation and Storage of 
Ovarian Tissue") and transplantation of ovarian tissue (see chapter “Transplantation 
of Ovarian Tissue”), it takes about 2-3 months for the primordial and primary fol- 
licles to grow into mature follicles. Due to the high FSH concentration in the blood, 
a larger cohort of follicles can be generated to begin with, which initially leads to 
multifollicular growth. Ideally, this first cohort is used for fertility therapy, either by 
hCG administration and timed sexual intercourse or by follicle aspiration. The risk 
of a multiple pregnancy seems to be very low. 

The fundamental question is whether the aim should be a spontaneous or an IVF 
pregnancy. According to studies published to date, spontaneous pregnancies are 
more common than IVF pregnancies (Table 4). Even centres that prefer IVF report 


Table 4 Spontaneous and IVF pregnancies after transplantation of ovarian tissue 


Transplanted patients, | Spontaneous pregnancies, |IVF pregnancies, 
n n n 

Van der Veen et al. 49 18 3 

[5] 

Meirow et al. [12] 20 6 13 

Diaz-Garcia et al. [4] | 44 5 5 

Fortin et al. [13] 34 9 

Total 147 38 22 


Fertility Treatment After Fertility Preservation Therapies 265 


spontaneous conception between IVF cycles. It is therefore advisable to ensure at 
the time of tissue transplantation that no additional sterility factors (pathological 
sperm, blocked fallopian tubes, endocrine pathologies, etc.) are present. 

It should be noted that menstrual cycles after tissue transplantation cannot be 
compared with normal spontaneous cycles. The ovarian reserve is very low due to 
the small amount of transplanted tissue and tissue loss in the first weeks after trans- 
plantation. Because of this: 


e Menstrual cycles are often irregular 

* There is usually at least a temporary increase of gonadotropin concentration 
in serum 

* Follicle maturation disorders are possible 

* Premature ovulation may occur 


M. Nitzschke (from Cryocan) developed a model of different stages of POI, 
which are shown in Table 5 from which treatment recommendations can be derived. 


* If the ovarian reserve is not too low because a larger amount of tissue has been 
transplanted, which can be demonstrated by a slightly increased AMH concen- 
tration, then gonadotrophin stimulation can be performed. 

* If, however, the ovarian reserve is very low and there is imminent POI with a 
compensation stage, then natural cycle IVF, as described in detail elsewhere 
([14], www.IVF-Naturelle.com), is a suitable option. 

* [f there is follicular-endometrial desynchronization caused by early follicular 
growth in the previous luteal phase (due to tendentially elevated basal FSH con- 
centrations), an attempt can be made to suppress luteal FSH release by com- 
bined, single-phase  estrogen/progestogen-containing contraceptives or 
progestogens. 

* [fa premature increase in LH with still immature follicles occurs, early adminis- 
tration of GnRH antagonists (GnRHant), e.g. starting from a follicle size of 
13-14 mm, can be used. If GnRHant is administered for longer than 1 day, the 
associated reduction in FSH release must be compensated for by daily injection 
of e.g. 50-75 IU gonadotrophins. 


As a result of the cycle changes mentioned above, the ideal time for follicle aspi- 
ration is difficult to predict. Aspiration is therefore often performed very early when 
the follicles are still small. Gook et al. [15] aspirated at an average follicle size of 
14 mm. The follicles were not flushed due to their small size. However, flushing 
result in a higher egg yield and transfer probability with monofollicular growth 
(Table 6, [16]). Compared to women without an ovarian tissue transplant, both the 
number of metaphase II oocytes obtained and the fertilization rate are lower in 
women in which follicles from transplanted tissue were aspirated. Although the 
oocyte yield could be increased by flushing the follicles (Table 6, [16]), the effec- 
tiveness of IVF is likely to remain low. 

Because of increased gonadotropin concentrations the associated risk of prema- 
ture ovulation or premature luteinization of the follicles, some centres prefer down- 
regulation with GnRH antagonists from a follicle size of 13 mm at the latest in 
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Table 5 Model of a stage classification of premature ovarian insufficiency (POI) and derived 
therapeutic intervention options (Reproduced with permission from M. Nitzschke, Cryocan and 


M. von Wolff) 
Possible Frequent 
clinical hormone Possible therapeutic 
Stage Pathophysiology | characteristics | concentrations | intervention 
Compensation Ovarian reserve Cycle length |AMH very low/ | Natural cycle IVF 
low; normal; undetectable; without 
Cycle length Follicular Basal estradiol | gonadotrophin 
normal phase normal; | normal; stimulation; IVF 
Luteal phase | Basal FSH with gonadotrophin 
normal concentration | stimulation if more 
normal than 1 follicle is 
expected 
Desynchronization | Premature follicle | Cycle length | AMH very low/ | Natural cycle IVF, 
growth already shortened; undetectable; combined pre-cycle 
during the late Follicular Basal estradiol | estrogen/progestin 
luteal phase/ phase increased; contraceptives to 
menstruation; shortened; Basal FSH suppress premature 
Endometrial Luteal phase | concentration |luteal 
proliferation phase | normal normal/slightly | folliculogenesis 
shortened increased 
Premature Premature LH rise | Cycle length | AMH very low/ | Natural cycle IVF; 
ovulation shortened; undetectable; early administration 
Follicular Basal estradiol | of GnRH 
phase normal; antagonists + 
shortened; Basal FSH gonadotrophins 
Luteal phase | concentration 
insufficient increased; 
Premature LH 
surge 
Decompensation | No or only Cycle length | AMH IVF not possible 
irregular follicle extended/ undetectable; 
growth Amenorrhoea; | Estradiol low, 
Follicular Basal FSH 
phase concentration 
extended; very high 
Luteal phase 
normal or 
insufficient 


combination with gonadotrophin stimulation (e.g. 75 IU every second day [14] or 
225 IU human menopausal gonadotropin (hMG) daily [12]). However, the associ- 


ated therapeutic effort and costs are considerable. 


Because of these difficulties, attempting spontaneous conception is a practicable 
approach. To improve the chances of success, cycle monitoring combined with hCG 
administration to trigger ovulation, followed by timed sexual intercourse, may be 


considered. 


IVF should only be performed primarily if pregnancy does not occur within 1/2 
to 1 year after transplantation or if other sterility factors are also present. 
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Table 6 Comparison of the effectiveness of IVF after transplantation of ovarian tissue with natural 
cycle IVF in infertile women without transplantation and without previous malignant diseases 


Natural cycle IVF Natural cycle 

IVF in women after in fertility IVF in fertility 
orthotopic transplantation of | patients (without patients (with 
ovarian tissue (without follicle flushing) follicle flushing) 
follicle flushing) [15] [16] P-value | [16] 

Mean age of 28.4 35.0 35.0 

women (years) | (time of cryopreservation) 

Aspirated 108 81 83 

follicles, n 

Mean follicle 14.3 18 18 

size, mm 

Total oocytes, n | 68 (63.0%) 51 (63.0%) 69 (83.1%) 

Metaphase 47 (43.5%) 48 (59.3%) <0.05 | 64 (77.1%) 

Il-oocytes, n 

Oocytes with 53 48 64 

fertilization 

attempt, n 

Fertilized 28 (52.8%) 38 (79.2%) «0.05 | 52 (81.8%) 

oocytes (day 2), 

n 

Transferred 20 38 52 

embryos, n 

Pregnancies per | 5 (25.0%) 10 (26.3%) n.s 12 (23.1%) 

transfer, n 
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Pregnancy After Chemotherapy and Pelvic M) 
Radiotherapy oe 


Michael von Wolff 


Effects of Chemotherapy 


The effects of chemotherapy on a later pregnancy seem to be generally rather small. 
An increased risk of malformations has not been described after previous chemo- 
therapy [1]. However, the risk of early miscarriage seems to be somewhat higher [2, 
3]. According to a study from the 1980s, other pregnancy pathologies such as pre- 
mature birth and low birth weight only occur more frequently if the pregnancy 
occurred within the first year after completion of chemotherapy [4]. 

However, the data are not clear when chemotherapy is administered during child- 
hood. In some studies, no adverse effect was found. However, Van de Loo et al. [5] 
described an increased risk of preterm birth (<37 weeks gestation) after oncological 
therapy in childhood without radiotherapy (and thus predominantly after chemo- 
therapy) (OR 4.21, 95% CI, 1.02-17.32). Van de Loo et al. [5] attempted to resolve 
the controversial data situation to the effect that chemotherapy with alkylating 
agents such as busulfan [6] seems to lead to a reduced uterine volume and thus to an 
increased risk of pregnancy pathologies. 


Effects of Radiotherapy 


The effect of pelvic radiotherapy depends strongly on the radiation intensity and the 
age at radiation exposure, so that it is hardly possible to describe general effects. 
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Van de Loo et al. [5] investigated the effect of abdominal/pelvic irradiation dur- 
ing childhood (n = 55) on uterine volume and subsequent pregnancies. Data on 
radiation dose were not available in this study. Fifty-one percent of the women who 
received radiotherapy in childhood had a small uterus (<44.3 mL). In a non- 
oncological comparison group, the proportion was only 19%. After oncological 
therapy (regardless of whether with or without radiotherapy) the risks were increased 
compared to a non-oncological control group for both preterm birth (<7 weeks) (OR 
10.31, 95% CI 1.68-63.18) and low birth weight («2500 g) (OR 19.86, 95% CI 
1.90—207.58). The risks tended to be even higher after radiotherapy. 

Data on pregnancy risks in relation to a specific radiation dose were examined by 
Salooja et al. [7]. They compared women with a stem cell transplantation with and 
without total body irradiation. They analysed 28 pregnancies in 21 women (9 
women after assisted reproduction) after total body irradiation (median 10 Gy, 
7-12 Gy) compared to 58 pregnancies in 46 women without radiotherapy. Among 
the women with total body irradiation, the proportion of children born with a birth 
weight < 2500 g was about 30% compared to 10% without irradiation. 

Data on pregnancies following direct pelvic radiotherapy are only available spo- 
radically. Hürmüz et al. [8] reported a spontaneous singleton pregnancy at the age 
of 26 years with a Caesarean section in the 39th week of pregnancy after radio- 
therapy of the pelvis with 30 Gy to treat anal carcinoma at the age of 25 years. 

De Menezes et al. [9] described a twin pregnancy after egg donation at the age of 
31 years after radiotherapy to the right pelvis with 36 Gy to treat Hodgkin’s lym- 
phoma at 16 years. A Caesarean section was performed in the 35th week of preg- 
nancy due to pre-eclampsia. Right-sided adherence of the placenta was found during 
surgery, which was attributed to the radiotherapy. 

Bath et al. [10] reported a complication-free spontaneous singleton pregnancy at 
the age of 20 years with a Caesarean section in the 38th week of gestation to deliver 
a baby weighing 2950 g after radiotherapy to the left pelvis with 55 Gy and the right 
pelvis with 10 Gy to treat Ewing's sarcoma at 16 years of age. 

Teh et al. [11] systematically analysed the clinical consequences of radiotherapy 
in childhood and adulthood and came to the following conclusions: 


* Radiation during childhood seems to have a greater negative effect on the uterus 
than in adulthood. 

e Radiotherapy to the adult uterus with whole-body radiation (12 Gy) is associated 
with an increased risk of abortion, premature birth and a low birth weight. 

* If the uterus is irradiated with >25 Gy in childhood, pregnancy should not be 
recommended. 

* Ifthe uterus is irradiated with >45 Gy in adults, pregnancy should not be advised. 
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Premature Ovarian Insufficiency: A 
Hormone Replacement Therapy SA 
and Follow-Up 


Volker Ziller, Petra Stute, and Michael von Wolff 


Definitions, Causes, Signs and Symptoms, Diagnosis 
and Fertility 


Definitions of POI and Early Menopause 


* Premature ovarian insufficiency (POI): oligo-/amenorrhoea for at least 4 months 
and serum FSH » 25 IU/I measured twice at an interval of at least 4 weeks in 
women before the age of 40 [1], frequency: approximately 1% in women «40 
years and 0.5% «35 years. 

* Early menopause: menopause between 40th and 45th year of life, frequency: 
approx. 5% [1]. 


The frequency of POI or early menopause after gonadotoxic treatment depends 
in particular on the patient's age, type of chemotherapy as well as the radiotherapy 
dose (see chapter "Indications for and Against Fertility Preservation" and chapters 
of Part II). 
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Causes of POI 


In addition to the effects of chemo- or radiotherapy, chromosomal or genetic defects, 
autoimmunological processes, infection or even surgical interventions are discussed 
as causes of premature depletion of ovarian function. However, a large proportion 
of cases ultimately remains unexplained and must be classified as idiopathic [2-4]. 

The ovary is the most sensitive part of the female reproductive organs to chemo- 
therapy. While the uterine function, for example, remains largely unaffected, alkyl- 
ating substances in particular cause irreversible damage to the ovary and the different 
effects are intertwined. Genetic damage to the oocytes and the somatic cells of the 
resting and growing primordial follicles leads to pronounced follicle loss. In addi- 
tion to these direct toxic effects, indirect effects are also suggested, e.g. by damage 
to the vascularization. The reduction in microvascularization leads to fibrosis and 
obliteration of both medullary and cortical structures [5]. 

Another possible mechanism is described in the "burnout" hypothesis. 
Cyclophosphamide, for example, appears to activate signalling pathways that could 
lead to a premature activation of the primordial follicles and thus to increased “con- 
sumption" [5]. 


Clinical Signs and Symptoms of POI 


Women with POI may show typical symptoms of the menopause. Cycle disorders 
(initially polymenorrhoea, later oligo—/amenorrhoea) are followed by hot flushes, 
vaginal dryness, sleep disorders and psychological changes such as nervousness, 
irritability, concentration disorders and fatigue. In addition, there may be reduced 
libido, muscle and joint complaints and an increase in urogynaecological complaints. 

The symptoms are very variable in their manifestation and can occur temporarily 
or even only partially. Young women with primary POI often exhibit significantly 
less symptoms compared to women with surgical menopause or sudden drug- 
induced estrogen withdrawal. This illustrates that the short-term symptoms are pri- 
marily caused by estrogen deprivation rather than relative estrogen deficiency [6]. 

In addition, however, the long-term consequences of estrogen deficiency must be 
considered. Besides sterility, these are mainly effects on bone metabolism, the car- 
diovascular system and changes in the nervous system [6]. 


Diagnosis of POI 


Women with menstrual disorders should have a more detailed history taken of 
menopausal symptoms/complaints, as they often do not report these themselves 
(e.g. with the Menopause Rating Scale II (MRS-I)). The diagnosis of premature 
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ovarian insufficiency is then based on the combination of oligo-/amenorrhoea for at 
least 4 months and a serum FSH > 25 IU/I measured twice at an interval of at least 
4 weeks, in women before the 40 years [1]. In women without an iatrogenic cause 
for ovarian insufficiency, further differential diagnostic tests such as genetic tests 
should be performed, but these will not be discussed further here. In most cases, no 
clear cause will be found [1]. 

Anti-Müllerian hormone (AMH) is a glycoprotein produced by the granulosa 
cells of the early antral follicles and correlates with the ovarian reserve. Although 
AMH concentration in serum is typically reduced in POI, it is not recommended as 
the sole marker for diagnosis, since normogonadotrophic and regular cycles may 
still be present when AMH is no longer detectable (Fig. 1). 


Fertility in POI 


The fertility in patients with POI is severely limited or even abolished. The current 
data assume a cumulative live birth rate of about 5-10% in affected women. The 
probability of pregnancy decreases with the duration of amenorrhoea. However, as 
fertility is often not yet completely eliminated and hormone replacement therapy 
(HRT) does not usually have a contraceptive effect, appropriate counselling and 
safe contraception must be provided if it is needed. 

However, the probability of conceiving a child must be assumed to be very low. 
Since patients do not respond to ovarian stimulation or respond very little, assisted 
reproduction measures cannot significantly improve the prognosis [1, 6]. 


Fig. 1 Concentration —AMH —FSH 
course of AMH and FSH 

and cycle lengths in 

patients with a low 

ovarian reserve 


cycle length 


fertile subfertile infertile 
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POI and Long-Term Consequences 


Bone Metabolism 


Sex steroids, especially estrogens, are crucial regulators of bone metabolism. A lack 
of estrogens results in a loss of bone mass and an increased risk of fracture. 
Osteoporotic fractures in turn lead to a marked reduction in the quality of life, but 
also in the life expectancy of those affected [7]. In women with POI after chemo- 
therapy there are additional risk factors as a result of direct damage to the bone by 
treatment or, e.g. in the case of breast cancer, anti-hormonal therapy. 

The basic treatment for POI patients is therefore a calcium-rich diet, exercise and 
vitamin D supplementation. 

According to current guidelines, 1000 mg calcium/day and about 1000 IU vita- 
min D/day should be added to the diet [7]. 

HRT is one of the forms of therapy for osteoporosis according to guidelines and 
can prevent a decrease in bone density and therefore reduce the probability of osteo- 
porotic fractures. 

Bisphosphonates are established standard drugs in postmenopausal osteoporosis 
[7]. They are generally not the first choice in POI and should only be prescribed 
after consultation with an osteologist. If patients are already receiving bisphospho- 
nates in oncological dosages for the treatment of bone metastases, no further spe- 
cific osteoporosis medication is required. 

Bone density measurements should be taken initially in patients with POI and 
repeated every 1-5 years, depending on the findings and further therapeutic proce- 
dures. If bone density is reduced and the risk of fracture is increased, an osteologist 
should be consulted if necessary [1]. 


Cardiovascular System 


Several studies have demonstrated an increased cardiovascular risk in women with 
POl/early menopause, including an increase in coronary heart disease, stroke and 
cardiovascular mortality [1, 8]. HRT is normally preventive. This is mediated by a 
favourable influence on lipid metabolism, a reduction in the risk of diabetes, a 
decrease in arteriosclerosis and the regulation of vascular dilatation [1, 6, 9]. 


Cognition 


POl/early menopause is associated with long-term effects on cognitive processes. 
Increased risks of dementia have been described in women with surgically induced, 
premature and non-hormone-substituted menopause. The younger the women are 
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when they enter the menopause, the higher the risk. In contrast, the risk of dementia 
is not increased in women with POV/early menopause who have HRT up to the age 
of 50 years [1, 6]. 


Practical Approach 


General 


The misinterpretations of the WHI (Women’s Health Initiative) study have led to an 
irrational fear of HRT in both patients and medical professionals. It is now clear, 
however, that POl/early menopause is associated with an increased risk of cardio- 
vascular disease, osteoporosis and a shortened life expectancy and that HRT is 
therefore beneficial. The risks of not having HRT must therefore be weighed indi- 
vidually against the risks of giving HRT [10]. However, the oncological (Table 1) 
and other contraindications for HRT must also be considered. 


Hormonal Treatments 


The choice of substitution form (Table 2) should replicate ovarian function. This 
means that standard doses of estrogen therapy should be administered to reduce 
both acute menopausal symptoms and to prevent long-term consequences of estro- 
gen deficiency (osteoporosis, coronary heart disease, dementia, etc.). 

The need for individualized HRT should be noted. Contraindications must be 
considered (Table 1), the advantages and disadvantages must be explained, and 
HRT should be re-evaluated annually. 

Estradiol appears to have a more beneficial effect than ethinyl estradiol on bone 
metabolism and the cardiovascular system. 

If contraception is required, a variant containing estradiol should be considered. 
In women with POI/early menopause the estrogen levels drop rapidly during the 
estrogen-free interphase. Therefore, administration form with continuous estrogen 
administration should be preferred in cyclical or continuous progestogen therapy. 
Transdermal estrogen avoids the “first-pass” effect in the liver, reduces activation of 
coagulation factors and thus the risk of thromboembolic events. Although there is 
currently not sufficient evidence, it seems biologically and pharmacologically plau- 
sible that young women with POI also benefit from the advantages of transdermal 
HRT [1, 6]. 

The aim of HRT should be to achieve physiological levels of sex steroids. The 
recommended doses are summarized in Table 2. In women with an intact uterus, a 
combined HRT with a progestogen for at least 12-14 days per month is necessary 
to avoid hyperplasia of the endometrium and to achieve sufficient endometrial 
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Table 1 Indications and contraindications for hormone replacement therapy (HRT) in different 
cancer types (modified after [10]) 


Indication and contraindication for 
Type of oncological disease HRT 


HRT contraindicated 
* HRT should only be offered in 
distinct exceptions and only in 
severe and not otherwise treatable 
impairment of life quality. 
* Recurrence risk is lowest in 
estrogen-only treatment. 


Breast cancer (estrogen and progesterone sensitive) 


Healthy BRCA—Mutation carriers, previvors HRT possible 


Endometrial cancer HRT possible 
* No change in recurrence risk in 
estrogen non-sensitive cancer. 
* Recurrence risk is slightly 
reduced in estrogen-sensitive 
cancer when combined HRT is 
used (estrogen + progesterone). 
* No change in recurrence risk in 
estrogen monotherapy (limited 
data available!). 


Cervical cancer HRT possible 
* Recurrence risk somewhat 
reduced in adenocarcinomas if 
HRT is performed with estrogen + 
progesterone. 
* No change in the risk of 
recurrence in squamous 


carcinomas. 

Ovarian cancer (epithelial and germ cell tumours) HRT possible 

Ovarian cancer (endometrioid and granulosa cell HRT relatively contraindicated 

tumours) * Possibly a slight increase in the 
risk of recurrence. 

Non-gynaecological cancer HRT possible 

* Haematological malignancies (leukaemia, 
lymphoma) 


* Malignant melanoma (localized) 
* Colorectal cancer 

* Hepatocellular carcinoma 

* Renal cancer 

* Thyroid carcinomas 

* Pancreatic carcinoma 


Non-gynaecological cancer HRT relatively contraindicated 
* Cerebral tumour 
* Malignant melanoma (advanced) 
* Pulmonary carcinoma 
* Gastric carcinoma 
* Bladder carcinoma 


Non-gynaecological cancer HRT contraindicated 
* Gastric cancer: estrogen, progesterone sensitive— 
* Bladder cancer: estrogen, progesterone sensitive 
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Table 2 Hormone preparations for hormone replacement therapy, HRT (formulas are not approved 


in all countries!) 


l Estrogen Dose 

High Moderate Low Ultra-low 
Micronized 17ß-estradiol 4.0 2.0 1.0 0.5 
(oral, mg) 
Estradiol valerate (oral, mg) 2.0 1.0 0.5 
Transdermal 17ß-estradiol 100 50 25 14 (U.S. 
patch (ug) only) 
Transdermal 17ß-estradiol gel ca. 1.0-1.5 ca. 0.5-0.75 
(mg) 
Transdermal 17ß-estradiol 10.53 
spray (mg) 
Conjugated equine estrogens | 1.25/0.9 0.625 0.3/0.45 


(oral, mg) 


Progestogen (the lowest 


Sequentially combined HRT 


Continuously combined HRT 


daily dose for endometrial | (Ultra) low | Moderate/high | (Ultra) low Moderate/ 
protection is given) estrogen |estrogen dose |estrogen dose | high 

dose estrogen 

dose 

Dydrogesterone (oral) 5 mg 10 mg 5 mg 5-10 mg 
Micronized progesterone 100 mg 200 mg 100 mg 100 mg 
(oral/vaginal) 
Medroxyprogesterone (oral) | 5 mg 5-10 mg 2.5 mg 2.5-5 mg 
Norethisterone (oral/ 1.25 mg 1.25- 0.5-1 mg/140- |> 1-2.5 mg 
transdermal) 2.5 mg/170 ug | 170-250 ug 
Chlormadinone (oral) = = 2 mg 2 mg 


Levonorgestrel: Intra-uterine |— — 
device 


20 ug/24 h for 5 years 


transformation. In women with amenorrhea for more than 1-2 years, continuous 
combined HRT can also be used. After a hysterectomy, estrogen monotherapy is 
preferable due to the better side effect profile. 

Current studies in postmenopausal women indicate a lower risk of thrombosis 
with HRT containing metabolically neutral progestogens (micronized progesterone, 
dydrogesterone) compared to combinations with synthetic progestogens. Although 
this is only partially transferable to women with POI, it should be considered if 
women with an increased risk of thrombosis are to be treated. While oestradiol can 
be applied transdermally without any problems, this is not the case with transdermal 
micronized progesterone. Therefore, a transdermal application of micronized pro- 
gesterone does not provide enough endometrial protection. 

A hormone-releasing IUD that delivers 20 ug levonorgestrel/day provides con- 
traceptive protection as well as adequate endometrial protection and can be com- 
bined with pure estrogen substitution for a period of 5 years [1, 6]. 

Urogenital symptoms are often not sufficiently improved by systemic therapy. 
Local estrogens (e.g. estriol) can then be given in addition to systemic HRT. 
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Non-hormonal Treatments 


In addition to conventional HRT, complementary medicine and non-hormonal phar- 
macotherapy are also available to reduce hot flushes [11]. 

Cognitive behavioural therapy and hypnosis significantly reduce hot flushes. 
This also applies to women with breast cancer. 

Soy isoflavones can reduce hot flushes. The recommended dose is 50-60 mg 
isoflavones/day or at least 30 mg genistein extract/day. However, soy isoflavones 
have no effect on hot flushes in women with breast cancer. Since the safety of iso- 
flavones in women with breast cancer has not been sufficiently investigated, their 
use in breast cancer patients should be avoided. 

Black cohosh was best examined from the field of phytotherapeutics. Black 
cohosh significantly reduces hot flushes in the peri- and postmenopause, and in 
premenopausal women with breast cancer (during tamoxifen treatment). 

Other oral phytotherapeutic agents used to treat hot flushes are wild yam 
(Dioscorea), dong quai, evening primrose oil, flaxseed, ginseng, hops, maca, 
omega-3 fatty acids and a Siberian rhubarb extract ERr 731. However, there is insuf- 
ficient evidence of efficacy and safety in studies in patients with (hormone- 
dependent) malignancies. 

Acupuncture is part of traditional Chinese medicine and is effective against hot 
flushes, although no significant reduction of hot flushes could be demonstrated in 
women with breast cancer. However, in a systematic review of cancer patients, acu- 
puncture was associated with a significant improvement in fatigue, sleep distur- 
bances, pain and quality of life. 

A stellate ganglion block is available as a further therapeutic option. This also 
reduces hot flushes in women with breast cancer. 

Besides complementary therapy, various non-hormonal pharmacotherapies can 
be used. 

Antidepressants such as selective serotonin reuptake inhibitors (SSRI) (e.g. par- 
oxetine) and selective serotonin and norepinephrine reuptake inhibitors (SNRI) 
(e.g. (des-)venlafaxine) significantly reduce menopausal hot flushes in healthy 
women and women with breast cancer. The starting dose is 10 mg/day for parox- 
etine (target: 10-20 mg/day) and 37.5 mg/d for venlafaxine (target: 37.5-150 mg/ 
day). In women who are treated with tamoxifen after breast cancer, the SSRI parox- 
etine should not be administered due to a possible inhibition of the enzyme CYP2D6 
and reduction of the effect of tamoxifen, and the SNRI (des-)venlafaxine should be 
given instead. 

The anticonvulsants gabapentin and pregabalin significantly reduce menopausal 
hot flushes in healthy women and women with breast cancer. The starting dose of 
gabapentin is 300 mg at night, which can be successively increased to 600 mg at 
night, then to 300 mg in the morning plus 600 mg at night after 3 days (target: 
900-2400 mg/day). The starting dose of pregabalin is 50 mg at night (target: 
150-300 mg/day). Possible dose-dependent side effects include drowsiness, head- 
ache (often self-limiting after 2-4 weeks). 
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Diagnostic and Therapeutic Monitoring 


Depending on the underlying disease, a general gynaecological check-up should 
take place at the usual intervals (Fig. 2, Table 3). Patients taking hormone replace- 
ment therapy should be seen regularly to assess their climacteric symptoms and 
adjust the therapy accordingly. This can be done during regular screening appoint- 
ments. Measurement of serum or saliva levels of estrogen, progesterone or FSH is 
not recommended [6]. 

Patients with POI/early menopause should have their bone density measured 
using DEXA as part of a basic osteological diagnosis. If there are additional risk 
factors for osteoporosis, such as chemotherapy or estrogen deprivation by aroma- 
tase inhibitors, an osteological assessment should be performed. Further controls 
are carried out every 1—5 years [6, 7] depending on the risk. 

There is no specifically increased risk of breast cancer, except in patients with 
breast cancer or in BRCA gene mutation carriers. Corresponding preventive and 
screening examinations are therefore carried out according to general recommenda- 
tions [12]. 

The cardiovascular risk should be monitored regularly. This includes at least 
annual monitoring of blood pressure, weight and smoking status and, depending on 
the risk constellation, further individual tests (e.g. HbAlc, lipid status) [6]. 


Bone mineral densitometry, BMD 


Therapy 


Decision 
criteria 


Y Y 
Contraindication to hormone therapy | 


(e.g. estrogen sensitive tumour) 


v d — n 


| No contraindications to hormone therapy 


Non-hormonal therapies for menopausal No need for Need for 
symptoms, calcium, vitamin D contraception contraception 
Y Y Y 


Non-hormonal HRT Contraception, 


contraception if necessary 


up to 2 50 years with estrogen 


Vv 
Blood pressure, weight 1x/year; BMD every 2-5 years; 
Other monitoring techniques depending on individual risks 
Y Vv 


Osteoporosis treatment DMD every Vaginal estriol treatment 
according to guidelines 2-5 years (if no contraindication) 


Fig. 2 Treatment decision flowchart of therapy and monitoring in POl/early menopause 
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Table 3 Monitoring in premature ovarian insufficiency, POI/premature menopause with and 
without hormone replacement therapy, HRT (modified from [6, 7]) 


Monitoring procedure Frequency 

General gynaecological Annual check-up. 

check-up and breast If HRT: additional breast diagnostics if indicated. 

examination 

Menopausal symptoms Part of the annual check-up. 

evaluation 

Cardiovascular risk factor | Annual examination/history of height, weight, blood pressure, 

evaluation smoking status and—depending on the risk constellation— 
additional examination of lipids, glucose and Hbalc (fasting 
glucose). 

Bone mineral analysis, Baseline BMA, then: BMA, depending on the bone density, 

BMA approximately every 2—5 years; support from an osteoporosis 


specialist may be useful. 
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